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e x p o s u r e a g e n t s . M o s t o f t h e s t r a t e g i e s d e v e l o p e d f o r h i s t o ri c a l e x p o s u r e a s s e s sm e n t i n
o c c u p a t i o n a l e p i d e m i o l o g y d e p e n d o n j o b h i s t o ri e s t o l in k w o r k e r s w i t h e x p o s u r e s
(B o u y e r a n d H e m o n , 1 9 9 3 ) . F o r a n y hi s t o ri c a l e x p o s u r e a s s e s s m e n t p r o c e s s b a s e d o n
w o r k hi st o ri e s
,
t h e r e a r e t hr e e fi a n d a m e n t a l a r e a s o f r e s e a r c h : d e t e r m i n i n g t h e w o r k e r s
'
j o b hi st o ri e s , d e v e l o p i n g a s t r a t e g y fo r l in k i n g o c c u p a t i o n a l i n f o r m a t i o n w it h e x p o s u r e s ,
a n d t h e a c t u a l a s s i g n m e n t o f e x p o s u r e s t o o c c u p a t i o n a l t it l e s o r t o w o r k e r s b a s e d o n t h e i r
j o b h i s t o ri e s . A v a il a b l e o p t i o n s f o r g a t h e ri n g a n d o r g a n i z i n g t h e r e l e v a n t i n f o r m a t i o n a r e
d i s c u s s e d b e l o w .
M e t h o d s f o r d e t e r m i n i n g w o r k e r s
'
j o b hi s t o r i e s v a r y d e p e n di n g o n t h e t y p e o f
s t u d y . T h e y i n c l u d e i n t e r v i e w s , q u e s t i o n n a i r e s , a n d p r o c u r e m e n t o f j o b h i s t o r i e s fr o m
c o m p a n y f i l e s o r o t h e r s o u r c e s s u c h a s i n s u r a n c e r e c o r d s o r r e t ir e m e n t p l a n s (G o l db e r g , e t
a l
,
1 9 9 3 ; B o u y e r a n d H e m o n , 1 9 9 3 ). I n t e r v i e w s a n d qu e s t i o n n a i r e s a r e b e s t s u i t e d t o
i n c i d e n c e s t u d i e s w i t h n e w ly di a g n o s e d c a s e s in t e r v i e w e d a b o u t o c c u p a t i o n a l hi s t o r i e s a n d
e x p o s u r e s . I n s u r a n c e a n d r e t i r e m e n t in f o r m a t i o n c o u l d l e n d i t s e l f t o i n d u s t r y - o r
p o pu l a t i o n - b a s e d s t u d i e s . A c qu ir in g c o m p a n y r e c o r d s o f j o b hi s t o r i e s i s o ft e n t h e m e t h o d
o f c h o i c e f o r i n d u s t r y - o r c o m p a n y - b a s e d s t u d i e s s i n c e c o m p a n y r e c o r d s a r e li k e l y t o b e
t h e m o s t a c c u r a t e a n d d e t a il e d r e c o r d s o f j o b h i s t o r y av a il a b l e . U n f o r t u n a t e l y , t h e y a r e
l i k e l y t o b e i n c o m p l e t e , n o t in c l u d i n g w o r k p e r f o r m e d p r i o r t o hi r e b y t h e c o m p a n y u n d e r
s t u d y .
A n o t h e r c o mp o n e n t i n t he hi s t o r i c a l e x p o s u r e a s s e s sm e n t p r o c e s s i s t h e s t r a t e g y
f o r li n k i n g j o b hi s t o ri e s w it h e x p o s u r e s . I f i n t e r v i ew s o r q u e s t i o n n a i r e s a r e u s e d t o o b t a i n
j o b h i s t o ri e s , s o m e in f o r m a t i o n a b o u t e x p o s u r e s c a n b e r e q u e s t e d fr o m s t u dy s u bj e c t s . I f
s t u d y s u bj e c t s a r e n o t a v a i l a b l e , o n e b a s i c s t r a t e g y i s t o h a v e e x p e r t s r e v i e w w o r k e r j o b
h i s t o ri e s a n d a s s i g n e x p o s u r e s t o j o b t it l e s A m o d i fi c a t i o n o f t h i s s t r a t e g y in v o lv e s
c r e a t i n g a c h r o n o l o g i c a l l i s t o f a l l j o b t it l e s f o r a ll w o r k e r s in t h e s t u dy p o p u l a t i o n . A n
i n d u s t ri a l h y g i e n i s t o r o t h e r e x p e r t t h e n a s s i g n s e x p o s u r e s t o e a c h s e t o f s im i l a r j o b t i t l e s
b a s e d o n k n o w l e d g e o f j o b c h a r a c t e ri s t ic s du ri n g t h e r e l e v a n t hi s t o ri c a l p e ri o d . T h e j o b
t it l e s c a n b e r e - s o r t e d b y w o r k e r t o p r o d u c e a l i st o f e x p o s u r e s f o r e a c h in d i v i d u a l (P o o l e ,
e t a l
,
19 9 0 ) . A n a l t e r n a t i v e s t r a t e g y e n t a i l s c o n s t r u c t i o n o f a j o b - e x p o s u r e m a t ri x , w h i c h
l i n k s c e r t a in c o d e d j o b o r p r o c e s s c a t e g o ri e s w i t h r e l e v a n t e x p o s u r e s (A c h e s o n , 19 9 3 ) .
E a c h w o r k e r i s t h e n a s s i g n e d a s e ri e s o f c o d e s b e s t r e p r e s e n t i n g h i s o r h e r j o b (a n d t h u s
e x p o s u r e ) hi s t o r y . A j o b - e x p o s u r e m a t r i x t hu s a l l o w s o c c u p a t i o n a l e x p o s u r e s t o b e
a s s i g n e d t o i n d i v i du a l w o r k e r s b a s e d s o l e l y u p o n k n o w l e d g e o f j o b h i s t o r y (B o u y e r a n d
H e m o n
,
1 9 9 3 ; G o l d b e r g , e t a l, 1 9 9 3 ) .
T h e a c t u a l d e t e r m i n a t i o n o f e x p o s u r e m a y a l s o b e a c c o m p l i s h e d b y d i fi e r e n t
m e a n s L o n g - t im e w o r k e r s o r i n d u s t r i a l h y g i e n i s t s c a n a s s i st in a s s i g n i n g e x p o s u r e s t o
v a r i o u s j o b t i t l e s o r c a t e g o ri e s i n t h e i n du s t r y w i t h w h i c h t h e y a r e f a m i l i a r . I f a v a i l a b l e ,
c o m p a n y r e c o r d s s u c h a s hi s t o ri c a l p r o c e s s i n f o r m a t i o n a n d i n du s t ri a l hy g i e n e m o n i t o r i n g
d a t a c a n b e v e r y u s e fu l a s w e ll . A n o t h e r s o u r c e o f in f o r m at i o n i s t h e o p e n l i t e r a t u r e ,
e s p e c ia ll y if t h e in du s t r y o f i n t e r e s t h a s r e c e i v e d t h e a t t e n t i o n o f p r e v i o u s r e s e a r c h e r s
(G o l d b e r g , e / a / . 1 9 9 3 ) .
F o r t hi s s t u dy , t h e m o s t f e a s i b l e s t r a t e g i e s fo r o b t a i n i n g a n d a s s i g n i n g hi s t o ri c a l
e x p o s u r e i n f o r m a t i o n a r e d i s c u s s e d b e l o w . J o b h i s t o ri e s w e r e o b t a i n e d fr o m t h e
c o m p a n i e s (t h r o u g h t h e i r c o l l e c t iv e b a r g a i n i n g a g r e e m e n t w i t h t h e O C A W I U ) . T h e w o r k
hi s t o ri e s a r e e x p e c t e d t o b e r e l at i v e l y c o m p l e t e f o r t h e p o p u l a t i o n o f i n t e r e s t , a s a l a r g e
p r o p o r t i o n o f t h e w o r k e r s w h o h a d d i e d b e f o r e 1 9 9 3 s t a y e d w it h t h e o i l r e f i n e r y o f r e c o r d
fo r m o s t o f t h e i r w o r k i n g y e a r s . W o r k e r s
'
j o b hi s t o ri e s w e r e li n k e d t o e x p o s u r e s u s in g a
j o b - e x p o s u r e m a t ri x . T h e m a t ri x , a s d e s c ri b e d s u b s e qu e n t ly , w a s d e v e l o p e d f o r p e t r o l e u m
r e fi n e ri e s i n g e n e r a l a n d t h e n t a i l o r e d t o m o r e a c c u r at e ly r e p r e s e n t t h e e x p o s u r e p r o fi l e a t
t h e St a r r e fi n e r y in P o r t A r t h u r , T e x a s B e f o r e c o m p l e t i o n o f t h e c o mp a n i o n c a s e - c o n t r o l
s t u d y , t h e g e n e r a l m a t r ix w i l l a l s o b e u s e d a s t he b a s i s f o r c o m p a n y - sp e c i fi c m a t ri c e s f o r
t h e t w o o t h e r r e fi n e ri e s o f in t e r e s t . E x p o s u r e s w e r e a s s i g n e d t o t h e p r o c e s s a n d j o b
c a t e g o ri e s i n t h e g e n e r a l m a t ri x b a s e d o n p r e v i o u s l y - p u b l i s h e d s t u d i e s o n e x p o s u r e s a t o i l
r e fi n e ri e s
, p et r o l e u m e n g i n e e ri n g t e x t s (d a t i n g f r o m 19 3 0 t o 1 9 8 9 ) , f o c u s g r o u p m e e t i n g s
w i t h w o r k e r s fi " o m t h e t h r e e r e fi n e ri e s o f i n t e r e s t
,
a n d hi s t o ri c a l in f o r m a t i o n a b o u t p r o c e s s
u n i t s a n d i n d u st ri a l hy g i e n e r e c o r d s p r o v i d e d b y t h e m a n a g e m e n t s o f t h o s e t h r e e r e fi n e ri e s .
I n a d d i t i o n
,
h i s t o ri c a l p r o c e s s i n f o r m a t i o n a n d i n du s t ri a l hy g i e n e r e c o r d s fi
-
o m St a r (w h i c h ,
a t t h e t im e o f t hi s r e p o r t , h a d b e e n p r o v i d e d i n m u c h g r e a t e r d e t a i l t h a n fi
^
o m t h e o t h e r
t w o r e fi n e ri e s ) w e r e u s e d t o t a il o r a c o p y o f t h e g e n e r a l m a t r ix s o t h a t i t m o r e a c c u r a t e ly
r e p r e s e n t e d t h e e x p o s u r e s a t St a r
M e t h o d o l o g y
D a t a C o l l e c t i o n
T h e r e s e a r c h o n w h i c h t h e j o b - e x p o s u r e m a t ri x w a s b a s e d i n c l u d e d r e v i e w o f t h e
p u b li s h e d li t e r a t u r e , g o v e r n m e n t d o c u m e n t s , e n g i n e e r in g t e x t s a n d i n d u s t r y r e p o r t s o n
p e t r o l e u m r e fi n e ri e s . T h i s w a s a u g m e n t e d b y f o c u s g r o u p m e e t in g s w i t h w o r k e r s fi
-
o m t h e
t hr e e r e fi n e ri e s o f in t e r e s t a n d hi s t o ri c a l in f o r m a t i o n p r o v i d e d by t h o s e r e fi n e ri e s . U s in g
p r e v i o u s s t u d i e s
- ( C l a y t o n E n v i r o n m e n t a l C o n s u U a n t s , 1 9 7 3 ; V a n d e r v o r t , 1 9 7 9 ; K i n g ,
1 9 9 2 ; M e h lm a n , 1 9 9 1) , c o m pi l a t i o n s o f p r e v i o u s s t u d i e s (l A R C ,
"
O c c u p a t i o n a l E x p o su r e s
i n P e t r o l e u m R e fi n in g ,
"
1 9 8 9 ) , a n d e n g i n e e ri n g t e x t s a b o u t p e t r o l e u m r e fi n in g (M e y e r s ,
1 9 86 ; O c c e l l i a n d A n t h o n y , 19 8 9 ; L it t l e , 1 9 8 5 ; N o e l , 1 9 5 9 ; N e l s o n , 19 4 1; G a r y , a n d
H a n d w e r k
,
1 9 8 4 ; B e l l , 19 3 0 ; H e n g s t e b e c k , 19 5 9) , a g e n e r a l m a t ri x r e l a t i n g r e fi n e r y
p r o c e s s e s t o e x p o s u r e s w a s c r e a t e d . T o e n h a n c e t h e a c c u r a c y o f t h e g e n e r a l m a t r i x a n d
a l l o w f o r c o n s t r u c t i o n o f p l a n t - s p e c i fi c m a t ri c e s , d a t a o n t h e t h r e e r e fi n e ri e s o f i n t e r e st
w e r e c o ll e c t e d d u ri n g m e e t i n g s w i t h O C A W I U m e mb e r s w h o w o r k o r p r ev i o u s l y w o r k e d
a t t h e t h r e e r e fi n e ri e s o f i n t e r e s t (O C A W I U , L o c a l 4 - 2 3 , A u g u s t 15 a n d 16 , 19 9 5 ;
O C A W I U , L o c a l 4 - 2 4 3 , A u gu s t 1 4 , 1 9 9 5) D a t a w e r e a l s o r e q u e s t e d fi - o m t h e r e fi n e r y
m a n a g e m e n t s b y t h e O C A W I U l o c a l s . ( Se e A p p e n d i x A f o r s a m p l e c o r r e s p o n d e n c e . )
D u ri n g t h e m e e t i n g s w i t h w o r k e r s a n d r e t i r e e s a t t h e O CA WI U l o c a l s , i n f o r m a t i o n
w a s g a t h e r e d a b o u t w h a t p r o c e s s e s e x i s t ( o r p r e v i o u s l y e x i s t e d ) a t e a c h r e fi n e r y a n d h o w
t h a t r e fi n e r y
'
s p r o c e s s e s fi t i n t o t h e c l a s s i fi c a t i o n sy s t e m u s e d in t h e m a t ri x . W o r k s h e e t s
l i s t i n g p r o c e s s e s a n d p o s s ib l e e x p o s u r e s w e r e r e v i e w e d i n e a c h m e e t i n g t o a s s i s t w o r k e r
r e c a l l o f c h e m i c a l s u s e d a t t h e r e fi n e r y u n i t s . (F o r a s a m p l e w o r k s h e e t , s e e A p p e n d ix B . )
T h e m a n a g e m e n t s o f t h e r e fi n e r i e s (a n d a n y p r e v i o u s o w n e r s ) w e r e a s k e d t o s e n d a n y
h i s t o r i c a l in du s t r i a l a n d e n v i r o n m e n t a l hy g i e n e m o n i t o r i n g d a t a , h i s t o r i c a l p l a n t l a y o u t s
a n d p r o c e s s d i a g r a m s , l i s t s o f w h e n u n i t s w e r e c o n s t r u c t e d (a n d/ o r d e s t r o y e d ), a n d li s t s o f
c a t a ly s t s u s e d in t h e v a r i o u s r e fi n e r y p r o c e s s e s . (Se e A p p e n d ix A f o r s a m p l e
c o r r e s p o n d e n c e . ) T h e m o s t u s e fi i l in f o r m a t i o n w a s p r o v i d e d b y St a r , i n c l u d i n g a l i s t o f
u n i t s a n d t h e i r c o n s t r u c t i o n / d e m o l it i o n d a t e s (St a r E n t e r p r i s e s P o r t A r t h u r C o m p l e x ,
1 9 9 6 ); i n d u s t r i a l h y g i e n e d a t a fi - o m t he m i d - 19 7 0
'
s t o t h e e a r l y 1 9 9 0
'
s ( T e x a c o , 1 9 9 5 ;
T e x a c o a n d St a r E n t e r p r i s e s , J u n e , 19 9 5) ; a n d a P r o c e s s O v e r v i e w H a n d b o o k d e s c ri b in g
f e e d a n d p r o d u c t s t r e a m s a t e a c h u n i t , s o m e c a t a ly s t s , a n d s o m e c h e m i c a l h a z a r d s (St a r
E n t e r p ri s e s P o r t A r t h u r C o m p l e x , 1 9 94 ) . F o c u s g r o u p m e e t i n g s a n d i n f o r m a t i o n o b t a in e d
fi - o m t h e t h r e e r e fi n e ri e s p r o v i d e d i n s i g h t a b o u t r e fi n e ri e s i n g e n e r a l a s w e l l a s t h e s p e c i fi c
l o c a t i o n s o f i n t e r e s t . T h e r e f o r e
,
t h e g e n e r a l m a t ri x w a s m o d ifi e d w h e r e a p p r o p ri a t e
b e f o r e p l a n t - sp e c i fi c m a t ri c e s w e r e c o n st r u c t e d f o r t h e s i st e r c a s e - c o n t r o l s t u dy . T h e
g e n e r a l m at ri x a n d t h e c o mp a n y - sp e c i fi c m a t ri x fo r St a r a r e i n c l u d e d i n A pp e n d ix C , w i t h
e x a m p l e p o r t i o n s i n t a b l e s i n t he R e s u l t s s e c t i o n .
E x p o s u r e s o f C o n c e r n
T h i s j o b - e x p o s u r e m a t ri x w a s c o n s t r u c t e d f o r hi s t o ri c a l e x p o s u r e a s s e s s m e n t i n a
s o o n - t o - b e - c o m p l e t e d c a s e c o n t r o l st u d y a n d f o r fi i t u r e u s e i n b r o a d su r v e i l l a n c e a n d
a n a l y t i c a l s t u d i e s fo r a n u m b e r o f d i s e a s e s . T h u s , t h e o bj e c t iv e w a s t o in c o r p o r a t e a l l
c h e m i c a l s u b s t a n c e s o r c l a s s e s o f s u b s t a n c e s t o w h i c h w o r k e r s c o u l d b e e x p o s e d a t a
r e fi n e r y . T h e e x p o s u r e a g e n t s in c l u d e d s o m e w h i c h h a v e r e c e i v e d m u c h a t t e n t i o n i n t h e
p a s t (i . e . , b e n z e n e a n d a sb e s t o s ) , a s w e l l a s h y d r o c a r bo n c o m p o u n d s , s o l i d a n d l i qu i d
c at a l y s t s , p e t r o l e u m c o n t a m i n a n t s , g a s o li n e a d di t iv e s , a n d o t h e r s u b s t a n c e s u s e d i n
p e t r o l e u m r e fi n e r i e s . T h e m a t r i x h a s b e e n c o n s t r u c t e d i n t h e m o s t d e t a i l e d m a n n e r
p o s s i b l e g i v e n a v a i l a b l e m f o r m a t i o n ; h o w e v e r , s o m e o f t h e s e c a t e g o r i e s w i l l v e r y l i k e l y b e
c o l l a p s e d d u r i n g e p i d e m i o l o g i c a n a l y s i s . T a b l e 1 p r o v i d e s a l i s t o f m a t r ix e x p o s u r e a g e n t s
g r o u p e d i n b r o a d c a t e g o r i e s w h i c h i n d i c a t e g en e r a l l y h o w t h e y m i g ht b e u s e d in p e t r o l e u m
r e fi n e r i e s . Su b s t an c e s f o u n d i n m o r e t h an o n e c a p a c i t y m ay a p p e a r in t h e t a b l e u n d er
m o r e t h a n o n e h e a d in g . T h e m a j o r i t y o f t h e a g e n t s i n c l u d e d i n t h e m a t ri x w e r e t a k e n fi - o m
a n l A R C t a b l e s u m m a ri z i n g p e t r o le u m r e fi n e r y e x p o s u r e s ( l A R C ,
" O c c u p a t i o n a l
E x p o s u r e s in P e t r o l e u m R e fi n i n g ,
" 19 8 9) . A d di t i o n a l a g e n t s a p p e a r e d in o t h e r d o c u m en t s
m e n t i o n e d i n t h e d a t a c o ll e c t i o n s e c t i o n o r w e r e fo u n d i n h i s t o ri c a l p r o c e s s o r i n d u s t ri a l
h y g i e n e d a t a fi
-
o m o n e o r m o r e o f t h e r e fi n e ri e s .
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T a b l e 1 : E x p o s u r e A g e n t s I n c l u d e d i n t h e J o b - E x p o s u r e M a t r i x
(S u b s t a n c e s th a t s e r v e m o r e th a n o n e c a p a c i t y a p p e a r im d e r m o r e t h a n o n e h e a d i n g . )
P e t r o l e u m P r o d u c t s a n d
P r o c e s s St r e a m s
A l i p h a t i c A m i n e s ,
A l k a n o am i n e s
A l i p h a t i c H y d r o c a r b o n s
A r o m a t ic A m i n e s
A r o m a t ic H y dr o c a r b o n s
A s p h a l t , A s p h a l t f u m e s . P i t c h
C o k e
C r u d e Oi l
F u e l s
G a s o l i n e C o m p ^ e n t s
M i n e r a l a n d L u b ri c a t in g O i l s
P o l y n u c l e a r A r o m a t ic s
R e fi n e d P e t r o l e u m So l v e n t s
Wa x e s
(Sp e c i f i c s )
P r o p a n e
B u t a n e
P e n t a n e
H e x a n e
B e n z e n e
T o l u e n e
X y l e n e
G a s o li n e A d d it i v e s
1
,
2 - D ib r o m o e t h a n e
1
,
2 - D i c h l o r o e t h a n e
M e t hy l - f e r f - bu t y l e t he r
T e t r a e t hy ll e a d,
t e t r am e t h y ll e a d
G r e a s e a n d L u b e O il
A d d it i v e s
C a u s t ic
C h l o r i n a t e d H y dr o c a r b o n s
C l a y s
G r a p h i t e
(H y dr o g e n Su l fi d e , ) Su l f u r
C o m p o u n d s
P h e n o l s
Z i n c
P r o c e s s C h e m i c a l s :
C a t a l y s t s , C a t a l y s t
R e j u v e n a t i o n , C a t a l y s t
Su p p o r t s , S o l v e n t s ,
I n h i b it o r s , e t c
A l u m in a
A l u m i n u m Ch l o ri d e
A m m o n i a
A n t im o n y T ri c h l o ri d e
A r s e n i c C o m p o u n d s
r c r r - B u t y l A l c o h o l
C a u s t i c s
C h l o r in a te d H y dr o c a r b o n s
C h l o r in e , Ch l o ri d e s
Chr o m i u m , Chr o m i u m
C o m p o i m d s
C o b a l t
,
C o b a l t C o m p o u n ds
C o p p e r , C o pp e r C o m p o u n d s
C l a y s
C r e s y h c A c i d
E a r t h
E t h y l A l c o h o l
F u rf u r a l
G e rm a n i u m
H y d r o c h l o ri c A c i d
H y dr o fl u o ri c A c i d
I ri di u m
I r o n C o m p o u n ds
K e t o n e s
L e a d (in o r g a n i c c o m p o u n ds )
M a g n e s i a
M a n g a n e s e
M e t h y l A l c o h o l
i V- M e th y l - 2 - p y r r o li d o n e
M o l y b de n u m
N ic k e l
Pa l l a di u m
Pe n t a n e
P h e n o ls
Ph o s g e n e
Ph o s p h o ri c A c i d , Ph o s p h o r u s
C o m p o u n d s
Pl a t i n u m
P r o c e s s C h e m i c a l s :
C a t a l y s t s , C a t a l y s t
R e j u v e n a t i o n , C a t a l y s t
Su p p o r t s , S o l v e n t s ,
I n h i b it o r s , e t c . .
C o n t in u e d
P r o p a n e
R h e n i u m
Si l i c a
Su l f u ri c A c i d
T u n g s t e n C o m p o u n d s
V a n a d i u m C o mp o u n d s
Z in c
G a s o li n e A dd i t i v e s
1
,
2 - D ib r o m o e t b a n e
1
,
2 - D i c h l o r o e t h a n e
M e t h y l - te r N b u t y l e t h e r
T e t r a e t h y l l e a d ,
t e t r am e t h y l l e a d
P e t r o l e u m C o n t a m i n a n t s
a n d B y p r o d u c t s
A m m o n i a
C a r b o n M o n o x i d e
H y dr o g e n Su l fi de , Su l fi f
c o m p o u n ds
N ic k e l
O x i de s o f N i t r o g e n
Su l f iar
Su l fi tf di o x i d e
,
o t he r su l f u r
o x i d e s
V a n a d iu m c o m p o u n d s
N o n - p r o c e s s c h e m i c a l s .
O t h e r
A s be s t o s
C h l o r i n e , C h l o ri d e s
H y d r a z in e
Sil i c a
L e a d
1 1
C l a s s i f i c a t i o n o f J o b s
T h e m a t r i c e s d e s c ri b e d h e r e in w e r e d e v e l o p e d fo r a s t u dy b u i l d i n g o n t h e p r e v i o u s
w o r k o f T h o m a s
,
e t a l ( 1 9 84 ) I n t h a t s t u d y o f c a n c e r m o r t a li t y p a t t e r n s by w o r k
c a t e g o r y , e l e v e n m u t u a l l y e x c lu s i v e c a t e g o ri e s w e r e c r e a t e d , b a s e d i n p a r t o n a n A m e ri c a n
P e t r o l e u m I n s t i t u t e d e s c ri p t i o n o f a n
"
a v e r a g e
"
r e fi n e r y (C l a y t o n E n v ir o n m e n t a l
C o n s u l t a n t s
,
1 9 7 3 ) T h e s e c a t e g o ri e s a r e d e s c ri b e d in T a b l e 2 , a l o n g w i t h a l i s t o f t h e
r e fi n e r y u n it s i n c l u d e d i n e a c h . W o r k e r s w e r e c o n s i d e r e d
"
e x p o s e d
"
t o a c a t e g o r y i f t h e y
h a d w o r k e d i n t h a t c a t e g o r y f o r a t l e a s t o n e d a y 1 5 o r m o r e y e a r s p ri o r t o d e a t h . T h i s
s y s t e m o f c a t e g o ri z a t i o n w o r k e d fa ir l y w e ll , bu t b e c a u s e o f d if e r e n c e s i n d e p a r t m e n t a l
o r g a n i z a t i o n a t t h e t h r e e r e fi n e ri e s , t he r e w e r e s o m e d i fi c u l t i e s in c o n s i s t e n t l y c l a s s if y in g
w o r k e r s w h o h e l d s im i l a r j o b s a t d i f e r e n t r e f i n e ri e s . I n a d d i t i o n , t h i s s y s t e m d i d n o t a ll o w
f o r a n y a n a l y s e s b a s e d o n s p e c i fi c e x p o s u r e s u b s t a n c e s .
T h e fi r s t d r a f t s o f t h e j o b e x p o s u r e m a t ri x f o r t h i s s t u d y w e r e b a s e d d i r e c t l y o n t h e
e l e v e n w o r k c a t e g o ri e s fi
"
o m t he s t u d y b y T h o m a s a n d c o l l e a g u e s ( 1 9 8 4 ) . U n i t s w it h i n
e a c h c a t e g o r y a n d b a s i c j o b d e s c ri p t i o n s w i t h i n e a c h u n i t (i d e n t i fi e d d u ri n g a n o v e r v i ew o f
u n i o n s e n i o ri t y r e c o r d s (T e x a c o a n d St a r E n t e r p ri s e s , J a n u a r y , 1 9 9 5 ; G u lf , 1 9 9 5) w e r e
c o d e d u n i q u e l y a n d e x p o s u r e s w e r e a s s i g n e d . T w o e x t r a m a in c a t e g o ri e s (Ch e m i c al P l a n t
a n d A s p ha l t M a n u f a c t u r e ) w e r e a dd e d, a n d t h e W a x - m a k i n g p r o c e s s w a s s p li t o f fi ^ o m t h e
L u b e O i l C a t e g o r y . T h u s , 14 m a i n c a t e g o ri e s w e r e i n c l u d e d , p r o v i d i n g t h e ab i l i t y t o
a n a ly z e d a t a b y th e s e c a t e g o ri e s f o r c o m p a ri s o n w i t h T h o m a s
'
r e s u l t s
,
a n d b y t h e
s u b c a t e g o ri e s , j o b t i t l e s , a n d e x p o s u r e a g e n t s t o i n v e s t i g a t e m o r e s p e c i fi c a s s o c i a t i o n s .
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T a b l e 2 : W o r k C a t e g o r i e s U s e d b y T h o m a s , e t a l (1 9 8 4)
C a t e g o r y
D e s c ri p t i o n
U n it s o r S u b c a t e g o r i e s
(r e l e v a n t d a t e s )
P r o d u c t s
1) C r u d e O il D i s t il l a t i o n (1 90 0 - p r e s e n t )
V a c u u m D i s ti l l a t i o n
T h e n n a l C r a c k i n g (19 20 - 1 94 5 )
C a t a l y t i c C r a c k i n g (194 5 - p r e s e n t )
C a t a l y ti c R e f o n n i n g (195 0 -
p r e s e n t )
^ a s P l a n t
F e e d f o r V a c u u m D i s t il l a ti o n , C r a c k i n g
O p e r a ti o n s , H y d r o g e n T r e a t in g ,
C a t a l y ti c R e f o r m i n g , G a s P l a n t
F e e d f o r C o k in g , R e fr ig e r a ti o n , P r o p a n e
D e w a x i n g
F e e d f o r T r e a t i n g
F e e d fo r T r e a t in g
G a s o l i n e ; F e e d f o r H y d r o g e n T r e a t i n g ,
H y dr o c r a c k i n g , Ga s P l a n t
G a s o l i n e
,
F u e l G a s
2 ) L u b e O U R e fr i g e r a ti o n (190 0 - 1 95 0 )
Pr o p a n e D e w a x i n g ( 19 50 - p r e s e n t )
So l v e n t D ew a x i n g (195 0 - p r e s e n t )
L u b e O il
,
P a r a fi On W a x
,
F e e d - G r e a s e
P l a n t
L u b e O il
,
P a r a f On W a x
,
F e e d - G r e a s e
Pl a n t
,
So lv e n t D e w a x i n g
L u b e O il
,
P a r a f On W a x
,
F e e d - Gr e a s e
P l a n t
3 ) T r e a t i n g T r e a t in g
H y dr o c r a c k i n g
H y d r o g e n T r e a t i n g ( 1980 - p r e s e n t )
S u l f ii r P l a n t
A lk y l a ti o n ( 1 943 - p r e s e n t ,
m o d i fi e d in 1 960 )
P o l y m e r i z a ti o n (1 9 80 - p r e s e n t )
G a s o l i n e
K e r o s e n e / L i ght F u e l O il s , D i e s e l O il s
K e r o s e n e / L i g h t F u e l O i l s , D i e s e l O il s
S u l f i i r
G a s o l i n e
G a s o l i n e
4 ) C o k i n g C o k i n g ( 19 00 - p r e s e n t ) P e t r o l e u m C o k e
5) G r e a s e
P l a n t
G r e a s e P l a n t (1 90 0 - p r e s e n t ,
p r o c e s s m o d e r n i z e d 19 56 )
L u b r i c a n t s , Gr e a s e s
6 ) U t il i t i e s A i r , W a t e r , St e a m , E l e c t r i c it y , F i r e
F i ght i n g
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T a b l e 2 , c o n t
' d : W o r k C a t e g o r i e s U s e d b y T h o m a s , e t a l ( 1 9 8 4 )
C a t e g o r y
D e s c r i p t i o n
U n i t s o r S u b c a t e g o r i e s
(r e l e v a n t d a t e s )
P r o d u c t s
7 ) M a i n t e n a n c e
a n d L a b o r *
P i p e fi t t in g
B io l e n n a k in g
We l d i n g
P a i n t i n g
M a c h i n i n g
I n s u l a t in g
M a s o n r y
C a r p e n t r y
St i l l a n d T a n k C l e a n in g
I n s t r u m e n t M a i n t e n a n c e
R a i l w a y Wo ri c
Y a r d L a b o r
C o n s t r u c t i o n
M i s c e l l a n e o u s
8 ) R e c e ip t a n d
M o v e m e n t
R e c e i p t a n d Shi p m e n t
St o r a g e (T a n k F a r m s )
I n t r a p l a n t Pu m p in g a n d T r a n s p o r t
o f B u l k L i q u i ds
9 ) L a b o r a t o r y R e s e a r c h a n d D e v e l o pm e n t
(T e s t in g o f N ew P r o d u c t s )
Qu a l i t y C o n t r o l
1 0 ) M o t o r
T r a n sp o r t
(Se r v i c e a n d o p e r a t i o n o f v e h i c le s
u s e d t o t r a i i s po r t r e fi n e r y
p r o d u c t s )
1 1) O t h e r
A c t i v i t i e s * *
O f Gc e Wo ri c
Gu a r d D u t i e s
C a f e t e r i a
^ S u b c a te go ri e s in M a in t e n a n c e a n d L a bo r c a te g o r y w e r e s p e c ifi e d w h e n a s s i gn in g w o r k e r h i s t o ri e s .
* * C o n s id c r e d t o b e " l o w e x p o s u r e
"
a c t iv i ti e s .
D u r i n g t h e c o n s t r u c t i o n o f t h e a f o r e m e n t i o n e d fi r s t dr a ft o f t h e j o b - e x p o su r e
m a t r i x
,
i t w a s d i s c o v e r e d t h a t t h e A m e ri c a n P e t r o l e u m I n s t i t u t e (A PI ) h a d c r e a t e d a
p r o c e s s a n d t a s k c l a s s i fi c a t i o n sy s t e m w i t h s t a n da r di z e d c o de s fo r g r o u p i n g s o f w o r k e r s
w i t h s im i l a r e x p o s u r e s (T ab e r sh a w O c c u p a t i o n a l M e d i c i n e A s s o c i a t e s , 1 9 7 9 ; O H 2 6
14
I n du s t ri a l H y g i e n e Su b c o mm i t t e e , A P I , 1 9 8 5 ) . T h e A P I s y s t e m in c l u d e d m o r e h i s t o ri c a l
r e fi n e r y p r o c e s s e s t h a n d i d t h e e a r l i e s t v e r s i o n o f t hi s m a t ri x a n d i t s s t a n d a r d c o d e s w e r e
d ev e l o p e d w i t h m a n y r e fi n e ri e s i n m in d . T h i s s y s t e m w a s a d o p t e d , w i t h m i n o r
m o d ifi c a t i o n s
,
b e c a u s e o f i t s a d a pt a b i l i t y t o t h e t hr e e r e fi n e ri e s o f in t e r e s t a n d i t s fl e x ib i l i t y
f o r fi a t u r e u s e . F o r m o s t o f t h e p r o c e s s e s in c l u d e d , i t w a s f e l t t ha t n o t e n o u g h in f o r m a t io n
w o u l d b e a v a i l a b l e t o d i s t in g u i s h qu a li t a t iv e ly a m o n g t h e e x p o s u r e s f o r w o r k e r s w it h
d i f fe r e n t j o b t i t l e s w h o w o r k e d o n t h e s a m e u n i t . T h e e x c e p t i o n w a s w i t h m m n t e n a n c e
w o r k e r s
,
f o r w h o m t h e A P I
'
s s t a n d a r d i z e d t a sk l i s t w a s u s e d i n a d d i t i o n t o t h e p r o c e s s
c o d e s T h i s a l l o w e d f o r d i v i s io n o f p i p e fi t t e r s , b o i l e r m a k e r s , w e l d e r s , e t c . in t o s e p a r a t e
g r o u p s w it h p o t e n t i a l l y v e r y v a ri e d e x p o s u r e s . A l i s t o f t h e p r o c e s s e s a n d j o b t a s k s
i n c l u d e d i n t h e m a t r i x i s g iv e n i n T a b le 3 ; d e s c ri p t i o n s o f t h e s e p r o c e s s e s ar e i n c l u d e d in
A p p e n d ix D . So m e n u mb e r s a r e m i s s i n g b e c a u s e t h e c o r r e s p o n d in g p r o c e s s e s w e r e n o t
f o u n d a t a n y o f t h e t h r e e r e fi n e ri e s o f i n t e r e st .
D a t a M a n a g e m e n t : L i n k i n g J o b s a n d E x p o s u r e s
T h e d e t e r m i n a t i o n o f t h e t w o " a x e s " o f t h e j o b e x p o s u r e m a t r i x n e c e s s i t a t e d
a d o p t i o n o f a p e r m a n e n t m e t h o d fo r li n k i n g j o b s a n d e x p o s u r e s . A p l a in t e x t fi l e w a s
c r e a t e d
,
w it h e a c h l i n e r e p r e s e n t i n g o n e m a t r ix li n k . D a t a m a n i p u l a t i o n w a s p e r f o r m e d
u s i n g SA S p r o g r a m s w h e n n e e d e d . T h e S A S sy s t e m w a s c h o s e n b a s e d o n i t s a b i li t y t o
h a n d l e l a r g e a m o u n t s o f d a t a , t h e p o s s ib i li t y o f b e i n g a b l e t o u s e i t f o r m e r g i n g t h e m a t r i x
w i t h da t a s e t s i n d i c at i n g w o r k e r s
'
o c c u p a t i o n a l h i s t o ri e s , a n d t he f a c t t h a t a ll o f t h e
e p i d e m i o l o g y w o r k f o r t h e s i s t e r c a s e - c o n t r o l s t u dy w a s b e i n g p e r f o r m e d i n S A S .
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T a b l e 3 : U n i t a n d J o b C l a s s i f i c a t i o n Sy s t e m f o r t h e J o b - E x p o s u r e M a t r i x *
U n it /
J o b * *
C o d e
D e s c r i p t i o n U n i t /
J o b * *
C o d e
D e s c ri p t i o n
0 100 C r u d e P r o c e s s i n g U n i t
O l i o D e s a l t in g & D e h y d r a t i n g
0 11 1 Ch e m i c d D e s a lt in g
0 112 E l e c t ri c a l D e s a lt in g
0 12 0 A tm o s ph e ri c D i s t i l l a t i o n w i th
de s u l f ii ri z a t i o n
0 130 A tm o s p h e ri c D i s t il l a t i o n w i t h o u t
d e s u l f i i ri z a t i o n
0 140 V a c u u n r D i s t i l l a t i o n
0 2 00 C a t a l y t i c C r a c k i n g U n i t
0 2 10 F ix e d b e d
02 11 Wi t h H j S r em o v a l/ r e c o v e r y
0 2 12 Wi t h o u t H j S r em o v a l / r e c o v e r y
0 2 20 F lu i d b e d ( in c l u d e s m o v i n g b e d )
02 2 1 Wi t h H j S r em o v a l/ r e c o v e r y
0 2 22 Wi t h o u t H j S r em o v a l / r e c o v e r y
0 3 00 T he r m a l C r a c k in g
03 10 W it h V i s b r e a k in g
* * *
0 3 2 0 Wi th o u t V is b r e a k in g * * *
0 4 0 0 C o k i n g
04 10 F l u i d c o k i n g
04 1 1 Wi t h H j S r em o v a l/ r e c o v e r y
0 4 12 Wi t h o u t H j S r e m o v a l/ r e c o v e r y
0 4 2 0 D e l a y e d C o k i n g
04 2 1 Wi t h H j S r em o v a l/ r e c o v e r y
04 22 Wi t h o u t H
j
S r em o v a l/ r e c o v e r y
0 5 00 C a t a l y t i c R e f o r m i n g U n i t
05 10 WiUi o u t H y dr o g e n a t i o n
0 5 1 1 Wi t h H
^
S re m o v a l/ r e c o v a y
0 5 12 W it h o u t H
2
S r em o v a l/ r e c o v e r y
0 52 0 Wi d i H y d r o g e n a t i o n
0 52 1 Wi t h H 2 S r e m o v a l/ r e c o v e r y
0 5 22 Wi t h o u t H j S r em o v a l /r e c o v e r y
0 6 00 St e a m R e f o r m i n g U n it
0 7 00 H F A l k y l a t i o n U n i t
0 8 00 H j S O ^ A l k y l a t i o n U n i t
0 9 00 A i a , A l k y l a t i o n U n i t
1 1 0 0 G a s o l i n e P o l y m e r i z a t i o n U n i t
1 1 10 P h o s p h o ri c a c i d
1 12 0 Su l f ii ri c A c i d
1 20 0 N o n - A r o m a t i c I s o m e r iz a t i o n U n i t
1 3 0 0 A r o m a t i c I s o m e r i z a t i o n U n i t
1 40 0 K e t o n e D e w a x i n g
14 10 M EK
14 1 1 A l o n e
1 4 12 W it h B e n z e n e
14 13 W it h T o l u e n e
14 20 M B K
14 2 1 A l o n e
14 22 W it h B e n z e n e
1 42 3 Wi t h T o l u e n e
14 30 A c e t o n e
1 4 3 1 A l o n e
14 32 Wi t h B e n z e n e
1 44 0 M B K
15 00 L u b e /B a s e o il e x t r a c t i o n U n i t
1 5 10 P he n o l
1 5 20 D u o - So l
1 5 30 F u r fi i r a l
1 5 4 0 D M SO
15 50 D i - M e
15 60 B a r is o
15 70 Pr o p an e
15 7 1 D ew a x i n g
15 72 D e a s ph a l t i n g
15 80 i Sr . M e t h y l - 2 - p y r r o l i d o n e
* * *
1 6 00 SO , (E D E L E A N U) E x t r a c t i o n U n i t
1 7 00 A r o m a t i c s R e c o v e r y U n i t
17 10 D i s t i l l a t i o n
17 20 E x t r a c t i o n
1 7 2 1 G l y c o l s (U d e x , T e t r a )
17 22 1 , 1 d i o ) Q^c y c l o p e n t a n e
(Su l f o l a n e )
1 73 0 C r y s t a l l i z a t i o n
1 74 0 Se le c t i v e a d s o r p t i o n
* Th i s s y s t e m w a s a d o p t e d fr o m t h e A P I Jo b C o de C la s s i fi c a t io n Sy s te m (T a b e r s h a w O c c up a t i<x i a i ^ ife d i c in e
A s s o c i a t e s , 19 7 9 ; O H 2 6 I n du s t ri a l H y gi e n e S u b c o m m it e e . A P I , 1 98 5) .
* * Jo b c o d e s a r e i n c l u d e d o n l y f o r t h e m a i n t e n a n c e u n i t (2 4 0 0 ) .
' ^ ^ ^ N o t in o ri g in a l A P I c l a s s i f i c a ti o n s y s t e m . A dd e d to P r o c e s s / T a s k li s t b a s e d o n r e s e a r c h d e s c ri b e d h e r e in .
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T a b l e 3 , c o n t ' d : U n i t a n d J o b C l a s s i f i c a t i o n Sy s t e m f o r t h e J o b - E x p o s u r e M a t r i x *
U n it /
J o b * *
C o d e
D e s c r i p t i o n U n i t /
J o b * *
C o d e
D e s c r i p t i o n
1 80 0 Q a y T r e a t i n g U n i t
18 10 L u b e o iV b a s e o il
1 8 2 0 B e n z e n e
,
t o l u e n e
,
x y l en e (B T X )
183 0 M i dd l e d i s t i l l a t e s
1 90 0 W a x T r e a t i n g U n i t
2 0 0 0 Su l f u r i c A c i d T r e a t in g U n i t
2 0 10 L u b e / B a s e O il
2 02 0 W a x
2 03 0 M i d d l e D i s t i l l a t e s
2 1 00 T r e a t i n g (Sw e e t e n i n g ) L i gh t O il s U n i t
2 1 10 C a u s t ic a n d in h i b i t o r
2 1 11 G a s o li n e a n d c o m p o n e n t s
2 112 M i dd l e d i s t il l a t e s
2 113 So lv e n t s
2 120 D o c t o r
2 1 2 1 G a s o li n e a n d c o m p o n e n t s
2 122 M i dd l e d i s t i l l a t e s
2 12 3 So l v e n t s
2 13 0 C u p ri c A c i d
2 13 1 Ga s o li n e a n d c o m p o n e n t s
2 13 2 M i ddl e di s t i l l a t e s
2 133 So lv e n t s
2 14 0 O t h e r s , e . g . c y c l o v e r s i o n
2 2 00 H y d r o g e n T r e a t i n g U n i t
2 2 10 D e s u l f u r i z a t i o n a n d /o r de n i t ri fi c a t i o n
2 2 1 1 G a s o li n e a n d c o m p o n e n t s
2 2 12 M i dd l e d i s t i l l a t e s
2 2 13 So lv e n t s
2 2 2 0 Sa t u r a t i o n
2 2 2 1 Ol e f i n
2 2 22 A r o m a t i c
22 2 3 L u b e /b a s e o il p o l i s hi n g
(hy dr o f i n in g )
2 23 0 C r a c k i n g (hy d r o c r a c k i n g )
2 23 1 D i s t i ll a t e
2 2 3 2 R e s i d u u m
22 3 3 L u b e /B a s e o il s
2 2 34 F o r p e t r o c he m i c a l pl a n t
2 3 0 0 W a s t e T r e a t m e n t U n i t
2 3 10 A q u e o u s Wa s t e
2 3 11 Sa n i t a i y
2 3 12 St o r m
2 3 13 Pr o c e s s
2 32 0 So li d W a s t e
2 33 0 G a s e o u s W a s t e
2 40 0 M a in t e n a n c e Sh o p U n i t
2 4 0 0 CX Ma i n t e n a n c e Cr aft s - Me t a l s
2 4 00 CA Bo il e r m a k i n g
2 4 00 CB L e a d b u r n in g
24 00 C C P ip e f i t t i n g
2 4 0 0 CD S tr u c t u r a l s t e e l
2 4 0 0 CE T i n s m i t h i n g
24 00 C F We l d in g
24 00 D X Ma i n t e n a n c e C r aft s - N o n - m e t a l
2 4 00 D A C a i p e n t r y
2 4 0 0 D B h i s u l a t in g
2 4 0 0 D C M a s o n r y
2 4 0 0 D D P a in t in g
24 0 0 D E L e a d A b a t em e n t WcMk e r * * *
2 4 00 D F A s b e s t o s A ba t e m e n t
W o r k e r * * *
2 4 00 EX Ma i n t e n a n c e C r a ft s - E l e c tr i c a l
Sy s t e m s
24 00 EA E l e c t ri c a l O n l y
2 4 00 E B I n s t r u m e n t O n l y
2 4 00 C C El e c t ri c a l a n d I n s t r u m e n t
2 4 00 FX Ma i n t e n a n c e C r aft s - E n g i n e s
2 4 00 GX Ma i n t e n a n c e C r aft s - Ma c h i n i n g
24 00 HX Ma i n t e n a n c e C r aft s - Mo b i l e
E q u ip m e n t
2 4 00 IX Ma in t e n a n c e C r a ft s - Ma in t e n a n c e
R e l a t e d A c t i v i t i e s
2 5 1 0 M u l t i P r o c e s s t o P l a n t W i de U n i t -
M a i n t e n a n c e
2 6 00 L a b o r a t o r y U n i t
♦ T h i s s y s t e m w a s a do p te d fr o m th e A P I J o b C o d e C l a s s ifi c a t i o n S y s te m (T a b e r s h a w O c c u p a t i cm a l M e d i c i n e
A s s o c i a t e s . 19 79 ; O H 2 6 I n d u s t ri a l Hy g ie n e S u b c o m m i t te e . A P I , 1 9 85 ).
* * J o b c o d e s a r e in c l u d e d o n ly f o r th e m a in t e n a n c e u n i t (2 4 0 0 ).
* * * N o t i n o ri g in a l A P I c l a s s i fi c a t io n s y s t e m . A d d e d t o P r o c e s s /T a s k li s t b a s e d o n r e s e a r c h d e s c ri b e d h e r e in .
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T a b l e 3 , c o n t
' d : U n i t a n d J o b C l a s s i f i c a t i o n Sy s t e m f o r t h e J o b - E x p o s u r e M a t r i x *
U n i t /
J o b * *
C o d e
D e s c ri p t i o n U n i t /
J o b * *
C o d e
D e s c ri p t i o n
2 800 U t i l i t y U n i t
2 8 10 Wa t e r t r e a t m e n t
2 82 0 B o il e r H o u s e (i n c l u d e s e l e c t r i c a l &
s t e am )
2 83 0 P u m p h o u s e (c o o li n g t o w e r )
2 900 R e c e i p t , St o r a g e a n d M o v e m e n t s U n i t
2 9 10 P u m p
2 9 11 P r o d u c t
2 9 12 T n t e r m e d i a t e
2 9 13 Gra de
2 92 0 T a n k F a rm s
29 2 1 P r o d u c t
2 9 2 2 I n t e r m e d i a t e
2 9 23 Gra de
2 93 0 B le n di n g (i n c l u di n g a dd it iv e s )
2 93 1 Pr o d u c t
2 9 32 h i t e n n e d i a t e
2 93 3 G ra d e
29 50 T ra c k a n d R a i l T r a n s p o r t
2 9 5 1 P r o d u c t
2 9 52 I n t e r m e d i a t e
2 9 53 Gra d e
33 00 S u l f u ri c A c i d M a n u f a c t u r i n g U n i t
3 4 00 S u l f u r R e c o v e r y U n i t
3 6 0 0 A s p h a lt M a n u f a c t u r i n g U n i t
3 6 10 S t e a m d i s t i l l a t i o n
3 62 0 V a c u u m d i s t il l a t i o n
3 63 0 A i r b l o w in g w i t h c a t a l y s t
3 6 4 0 A i r b l o w i n g w i t h o u t c a t a l y s t
3 7 0 0 G r e a s e M a n u f a c t u r i n g U n i t
3 8 0 0 L u b e /B a s e O i l M a n u f a c t u r i n g
3 90 0 P a c k a g i n g U n i t (E x c l u d i n g Wa x )
39 10 L u be /B a s e o il a n d g r e a s e o n ly
3 92 0 L u b e /B a s e o i l , g r e a s e , a n d o t h e r
c o n s u m e r p r o d u c t s
4 00 0 Wa x P a c k a g i n g U n it
4 1 0 0 A r o m a t i c s P r o d u c t i o n U n i t
4 1 10 C a t a l y t i c r e f o r m in g - B T X
(de hy dr o g e n a t io n )
4 12 0 H y dr o g e n de a lk y l a t i o n (p l a t f o n n i n g )
4 13 0 Th e rm a l r e f o r m i n g
4 20 0 C u m e n e P r o d u c t i o n U n i t
4 2 10 P h o s p h o r i c
4 22 0 Ch l o r i n e
4 2 30 H y dr o p e r o x i d e /p h e n o l
4 3 00 E t h y l e n e P r o d u c t i o n U n i t
5 0 5 0 P r o d u c t i o n O p e r a t i o n s - G a s P l a n t
6 0 00 W a x P r e s s i n g & Sw e a t i n g , Wa x
R e f r i g e r a t i o n
* * *
♦ T hi s s ys t e m w as a d o p t e d fr o m t h e A P I J o b C o d e C l a s s i fi c a ti o n S y s t e m (T a b e r s h a w O c c t q j a t icm a l M e d i c in e
A s s o c i a t e s , 19 7 9 ; OH 26 I n d u s t ri a l H y g ie n e Su b c o m m i t te e . A P I , 1 98 5 ).
♦ ♦ Jo b c o d e s a r e in c lu d e d o n ly f o r t h e m a i n t e n a n c e u n i t (2 4 0 0 ) .
* * * N o t in o ri gi n a l A P I c l a s s^ c a t i o n s ys t e m . A dd e d t o Pr o c e s s / T a s k li st b a s e d o n r e s e a r c h d e s c ri b e d h e r e in .
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A d d i t i o n a l V a ri a b l e s : R e l e v a n t D a t e s . C e rt a i n t y o f A s s e s s m e n t , a n d C o m m e n t s
A d d i t i o n a l v a ri a b l e s f o r r e l e v a n t d a t e s , c e rt a i n t y o f a s s e s s m e n t , a n d c o m m e n t s
w e r e a d d e d t o t h e m a t ri x t o m a k e t h e in f o r m a t i o n i t c o n t a i n e d m o r e u s e fUl . R e l e v a n t
d a t e s w e r e i n c l u d e d s o t h a t h i s t o ri c a l v a ri a t i o n s i n e x p o s u r e s c o u l d b e i n di c a t e d I n i t i a l l y
t h i s i n v o lv e d d e t e r m i n a t i o n o f d a t e s im p o rt a n t in t h e c o n t r o l o f e a c h h a z a r do u s s u b s t a n c e ,
s u c h a s y e a r s w h e n T hr e s h o l d L im it V a l u e s f o r t h e v a ri o u s e x p o s u r e a g e n t s w e r e
i n t r o d u c e d o r c h a n g e d (L a n i e r , 19 84 ; A C G I H , 1 9 82 , 19 8 3 , 19 8 4 , 19 8 5, 19 8 8 , 19 8 9 ,
1 9 9 2
,
1 9 9 3) . I f s p e c i fi c c o n t r o l s w e r e i n s t it u t e d a t a g iv e n r e fi n e r y , t h e s e d a t e s c o u l d b e
n o t e d a s w e l l . A s e p a r a t e li n k w a s c r e a t e d in t h e m a t ri x f o r e a c h h i s t o ri c a l p e ri o d .
H o w e v e r , i t b e c a m e a p p a r e n t t h a t t hi s d e g r e e o f d e t a i l a b o u t hi s t o ri c a l e x p o s u r e v a ri a t i o n
w a s n o t k n o w n ; t h e r e f o r e , i t s i n c l u s i o n in t h e m a t ri x i n c r e a s e d t h e c o m p l e x i t y bu t n o t t h e
a c c u r a c y o f t h e i n f o r m a t i o n t he r e i n . Su b s e q u e n t l y , t h e m a t r ix w a s c o d e d t o r e fl e c t o n l y
r e l e v a n t c h a n g e s i n s p e c i fi c p r o c e s s e s , w h e r e k n o w n . (I n f o r m a t i o n a b o u t o c c u p a t i o n a l
e x p o s u r e l im i t s c o u l d b e u s e d la t e r by t he e p i d e m i o l o g i s t t o a n a ly z e fi n a l d a t a b y p e ri o d s
w hi c h a r e hi s t o ri c a l l y r e l e v a n t f o r e a c h s u b s t a n c e . ) T h u s , t he m a t r i x i n c lu de s a p p r o x im a t e
s t a rt a n d e n d d a t e s f o r e a c h l i n k b e t w e e n j o b/ p r o c e s s a n d e x p o s u r e a g e n t T h e s e d a t e s
i n d i c a t e w h e n a n a g e n t m ay h a v e b e e n u s e d i n a c e rt a i n p r o c e s s , a n d u s u a l l y c o i n c i d e s
w it h t h e p e ri o d d u ri n g w h i c h t h a t p r o c e s s w a s i n o p e r a t i o n a t a g i v e n r e fi n e r y (o r , i f
u n k n o w n
,
t h e a p p r o x im a t e d a t e s o f im p l e m e n t a t i o n o f t h a t p r o c e s s i n t h i s c o u n t r y u n t i l it s
d e m i s e ) . I n s o m e c a s e s , i f a c e rt a in c he m i c a l w a s n o t u s e d i n a p a rt i c u l a r p r o c e s s fo r t h e
e n t ir e l i f e o f t h a t p r o c e s s , t he d a t e s o f u s e a r e i n di c a t e d . (F o r e x a m p l e , t e t r a e t hy l l e a d h a s
n o t a l w ay s b e e n u s e d i n t h e b l e n d i n g o f g a s o l i n e . )
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A n o t h e r f a c t o r a f e c t i n g t h e m a t ri x
'
s f u t u r e a n a l y t i c a l v a l u e w a s t h e c e r t a i n t y Av i t h
w hi c h t h e v a ri o u s a s s e s s m e n t s w e r e m a d e . S o m e w e r e b a s e d o n t a b l e s l i n k i n g j o b s a n d
e x p o s u r e s (l A R C
" O c c u p a t i o n a l E x p o s u r e s i n P e t r o l e u m R e fi n i n g ,
"
1 9 8 9 ; V a n d e r v o r t ,
1 9 7 9 ), o t h e r s o n e n g i n e e ri n g d e s c ri p t i o n s o f p e t r o l e u m r e fi n e r y p r o c e s s e s (M e y e r s , 1 9 8 6 ;
O c c e l l i a n d A n th o n y , 19 8 9 ; L it l e , 19 8 5 ; N o e l , 19 5 9 ; N e l s o n , 19 4 1 ; G a r y , a n d H a n d w e r k ,
1 9 84 ; B e l l , 1 9 3 0 ; H e n g st e b e c k , 1 9 5 9) , a n d s t i ll o t h e r s o n m e e t i n g s w i t h r e fi n e r y w o r k e r s
(O C A W r U L o c a l 4 - 2 3 , A u g u s t 15 a n d 16 , 19 9 5 ; O C A W I U L o c a l 4 - 2 4 3 , A u g u s t 14 ,
1 9 9 5) o r p r o c e s s i n f o r m a t i o n a n d / o r i n d u s t ri a l h y g i e n e d a t a fi " o m o n e o f t h e r e fi n e ri e s
i n c l u d e d i n t h e s t u dy ( T e x a c o , 19 9 5 ; T e x a c o a n d St a r E n t e r p ri s e s , Ju n e , 19 9 5 ; St a r
E n t e r p ri s e s , 1 9 9 4 ) . T o d e a l w i t h t h i s v a ri a t i o n , a q u a l i t a t iv e
"
s c o r e
"
v a ri a b l e in di c a t in g
t h e c e r t a i n t y o f e a c h a s s e s s m e n t w a s i n t r o du c e d t o t h e m a t ri x . E a c h p r o c e s s - e x p o s u r e
l i n k w a s c o d e d a s b e i n g
"
p o s s i b l e
"
(P O ),
"
p r o b a b l e
"
(P R ), o r
"
a lm o s t c e r t a in
"
(A C) t o
h a v e o c c u r r e d a t a n u n sp e c i fi e d r e fi n e r y . M a n y o f t h e
"
p o s s i b l e
"
c o d e s i n t h e g e n e r al
m a t ri x a r e a s s o c i a t e d w i t h a g e n t s w h i c h , i f u s e d a t a g iv e n r e fi n e r y , w o u l d s u r e l y r e p r e s e n t
e x p o s u r e s W it h h i s t o ri c a l i n f o r m a t i o n o n a r e fi n e r y o f i n t e r e s t , s o m e o f t h e s e m a y b e
r e a s s e s s e d a s m o r e c e r t a i n e x p o s u r e s ; t h i s h a s b e e n do n e w it h t h e d a t a a v a i l a b l e fi
-
o m St a r .
I n a d d it i o n t o t h e c e r t a i n t y a s s e s s m e n t , c o mm e n t s a b o u t t h e r e a s o n s fo r e a c h li n k
a r e i n c l u d e d T h e s e c o m m e n t s a r e r e f e r e n c e d
,
s o t h a t f u t u r e r e s e a r c h e r s w h o u s e t h e
m a t r ix c a n k n o w h o w w e l l - s u p p o r t e d t h e l in k s a r e a n d i n v e s t i g a t e t h e m f ia r t h e r i f n e e d e d .
T h e i n di c a t i o n o f t he c e r t a i n t y o f t h e a s s e s sm e n t s a n d c o m m e n t s a b o u t r e a s o n s fo r
i n c l u d in g e a c h l i n k s h o u l d l e a d t o a n im p r o v e d a b i l i t y t o i n t e r p r e t t h e r e s u l t s o f a n y f u t u r e
a n a l y s e s .
2 0
M a k i n g t h e M a t ri x C o m p a t i b l e w it h Wo r k e r H i s t o r y D a t a
T h e u lt im a t e o bj e c t iv e f o r t h e j o b - e x p o s u r e m a t r i x w a s t h a t i t b e u s e fu l f o r l i n k i n g
w o r k e r s t o e x p o s u r e s . T hi s r e q u i r e d u s i n g r e fi n e r y - s p e c ifi c in f o r m a t i o n t o a s s i g n t h e
" b e s t
fi t t i n g
"
u n i t a n d j o b c o d e s f o r e a c h u n i t / j o b c o m bi n a t i o n s o t ha t a l l w o r k e r s w i t h t h e s a m e
j o b t it l e fi
-
o m a g i v e n u n i t a t a s p e c i fi c r e fi n e r y w o u l d l a t e r b e a s s ig n e d t h e s a m e p r o c e s s
a n d j o b c o d e . (T h e c o d i n g l i s t f o r St a r i s i n c l u d e d a s A p p e n d ix E . ) A n o t h e r n e c e s s a r y
s t e p w a s t o w ri t e a c o m p u t e r al g o ri t h m (in SA S) w h i c h w o u l d p e r f o r m t h e a c t u a l m e r g in g
o f c o d e d w o r k e r hi s t o ri e s w i t h t h e m a t r i x by t h e c o m p a n y , u n i t , a n d j o b c o d e v a ri a b l e s ,
w hi c h w o u l d b e f o u n d i n b o t h d a t a s e t s . T hi s SA S p r o g r a m w a s t e s t e d w i t h a h yp o t he t i c a l
s e t o f w o r k e r h i s t o ri e s . T h e p r o g r a m i s i n c l u d e d in A p p e n d ix F a n d t h e s a m p l e w o r k e r
hi s t o r y a n d m e r g e d d a t a s e t a r e fo u n d i n t a b l e s in t h e r e s u l t s s e c t i o n .
2 1
R e s u l t s
T h e r e s u l t s o f t hi s r e s e a r c h a r e a g e n e r a l j o b - e x p o s u r e m a t r i x c o n t a i n i n g o v e r 2 1 0 0
l i n k s b e t w e e n p r o c e s s e s a n d e x p o s u r e s a n d a s im i l a r l y - s i z e d p l a n t - s p e c i fi c m a t r ix f o r t h e
St a r E n t e r p r i s e s r e fi n e r y i n P o r t A r t hu r , T e x a s . T h e p l a n t - s p e c i fi c m a t r i x w a s c o n s t r u c t e d
b y m o d i fy i n g t h e g e n e r a l m a t r ix b a s e d o n h i s t o r i c a l i n f o r m a t i o n a n d i n d u s t ri a l hy g i e n e d a t a
fi - o m t h a t r e fi n e r y (T e x a c o , 1 9 9 5 ; T ex a c o a n d St a r E n t e r p ri s e s , J u n e 15 , 19 9 5 ; St a r
E n t e r p ri s e s P o r t ^ ^ r t h u r C o m p l e x , 1 9 9 4 ) . V a ri a b l e s i n e a c h
"
l i n k
"
o f t h e m a t ri c e s a r e
c o m p a n y (G = G e n e r a l ; S= S t a r ), u n i t c o d e ( s e e T a b l e 3 ) , j o b c o d e (s e e T a b l e 3 ) , e x p o s u r e
a g e n t c o de (f o r e a s e in l a t e r d a t a a n a ly s i s ), e x p o s u r e a g e n t n a m e , s t a r t d a t e f o r t h e j o b -
e x p o s u r e li n k , e n d d a t e f o r t h e j o b - e x p o s u r e l i n k , c e r t a in t y o f t h e a s s e s s m e n t , a n d
c o m m e n t s . S a m p l e s o f t h e m a t ri x c o n t e n t s a r e in c l u d e d in T a b l e s 4 a n d 5 , a n d t h e f i i ll
d a t a s e t i s f o u n d i n A p p e n d i x C T a b l e 4 sh o w s p r o c e s s - e x p o s u r e l i n k s f o r t h e L u b e / B a s e
O i l E x t r a c t i o n (F u r fi i r a l ) U n i t f o r t h e g e n e r a l m a t ri x a s w e l l a s f o r t h e c o mp a n y - s p e c ifi c
St a r m a t ri x T h e b a s i c d if f e r e n c e i n t h e s e l i n k s i s t h e d a t e s T he g e n e r a l m a t ri x g iv e s
d a t e s o f u s e o f t hi s p r o c e s s i n t h e U n i t e d St a t e s , w h i l e t h e St a r m a t r ix i s s p e c i fi c t o St a r
E n t e r p ri s e
'
s P o r t A r t hu r r e fi n e r y . B e c a u s e t h e c o mm e n t s a r e l e n g th y , t h e y a r e n o t
r e p r o du c e d i n T a b l e s 4 a n d 5 b u t m a y b e v i e w e d w i t h t h e fi i U d a t a s e t i n A p p e n d i x C .
T h e s t a r t a n d e n d d a t e s i n t h e m a t r ix o ft e n c o r r e sp o n d w it h t h e d a t e s t h a t a g i v e n
p r o c e s s w a s u s e d i n r e fi n e ri e s in t h e U n i t e d St a t e s (G e n e r a l a n d St a r m a t ri c e s ) o r a t t h e
St a r - P o r t A r t h u r r e fi n e r y , i f k n o w n (St a r m a t ri x o n l y ) . I f a n a g e n t w a s n o t u s e d f o r t h e
e n t i r e h i st o r y o f t h e p r o c e s s , t he d a t e s o f i t s u s e a r e in d i c a t e d . I f n o t hi n g i s k n o w n a b o u t
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r e l e v a n t d a t e s , t he d a t e s o f i n t e r e s t f o r t he r e l a t e d c a s e - c o n t r o l s t u d y a r e u s e d ( 19 10 t o
19 9 3 ). P r o c e s s e s t h a t w e r e in t r o d u c e d du r i n g o r b e f o r e 1 9 0 0 (s u c h a s t h e Su l fu r i c A c i d
T r e a t in g U n i t (u n i t c o d e = 2 0 0 0)) a r e c o d e d a s h a v i n g b e g u n i n 1 9 0 0 b e c a u s e o f t h e
d i f fi c u l t i e s in c o d i n g d a t e s s p a n n i n g m o r e t h a n a c e n t u r y .
C o d in g o f t h e c e r t a i n t y v a ri a b l e i s b a s e d o n l ik e li h o o d o f e x p o s u r e t o a g i v e n a g e n t
u s e d i n a p a r t i c u l a r p r o c e s s a t a
"
g e n e r a l
"
o r u n s p e c i fi e d r e fi n e r y (C o m p a n y c o d e = G ) o r
a t t h e St a r R e fi n e r y i n P o r t A r t h u r ( C o m p a n y C o d e = S) . I n t h e g e n e r a l m a t ri x ,
"
a lm o s t
c e r t a i n l y
" (A C) m e a n s t h a t t h i s s u b s t a n c e i s b e l i e v e d t o h a v e b e e n u s e d a t a l l U n it e d St at e s
r e fi n e ri e s i n t h e sp e c i fi e d u n i t du ri n g t h e s p e c i fi e d t im e p e ri o d a n d t h a t w o r k e r s o n t h a t
u n i t w o u l d h a v e a lm o s t c e r t a i n l y b e e n e x p o s e d a b o v e b a c k g r o u n d .
"
P r o b a b l y
"
(P R )
m e a n s a n a g e n t w a s b e li e v e d t o h a v e b e e n p r e s e n t a t a l l s u c h u n i t s in U . S . r e fi n e ri e s a n d
t h a t w o r k e r s w o u l d p r o b ab ly h a v e b e e n e x p o s e d a b o v e b a c k g r o u n d .
"
P o s s i b ly
"
(P O )
m e a n s t h a t t h e a g e n t w a s p r e s e n t a t s o m e s u c h u n i t s a t r e fi n e ri e s in t h e U . S . a n d , i f p r e s e n t
a t t h e r e fi n e r y o f i n t e r e s t , w o r k e r s m a y h a v e b e e n e x p o s e d a b o v e b a c k g r o u n d . T h e
"
P O "
c o d e c o u l d a l s o m e a n t h a t t h e a g e n t w a s b e l i e v e d t o h a v e b e e n p r e s e n t a t a ll s u c h u n i t s in
t h e U n i t e d St a t e s
,
b u t i n s m a ll e n o u g h q u a n t i t i e s t h a t w o r k e r s m a y n o t h a v e b e e n e x p o s e d
a b o v e b a c k g r o u n d . F o r t h e St a r m a t ri x , t h e c e r t a in t y c o d e s w e r e r e - e v a lu a t e d w he n t h e
i n f o r m a t i o n fi - o m t h e r e fi n e r y a n d fr o m St a r w o r k e r s m a d e t hi s p o s s i b l e .
T h e p u r p o s e o f t h e j o b - e x p o s u r e m a t ri x i s t o l i n k w o r k e r s t o e x p o s u r e s t h r o u g h
t h e i r j o b h i s t o ri e s T o s h o w h o w t hi s c a n b e d o n e , a h yp o t h e t i c a l d a t a s e t c o n t a i n i n g
w o r k e r hi s t o ri e s w a s c r e a t e d a n d m e r g e d w i t h t h e m a t ri x . T h e SA S m e r g e p r o g r a m i s
f o u n d i n A p p e n d ix F , a n d t h e h y p o t he t i c a l d at a s e t a n d r e s u l t in g m e r g e d d at a fi l e a r e
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i n c l u d e d a s T a b l e s 6 a n d 7 . U s in g t hi s m e r g e p r o c e d u r e , i n d iv i d u a l w o r k e r s c a n b e l i n k e d
v i a t h e i r w o r k hi s t o r i e s w i t h c h e m i c a l s t o w h i c h t h e y m a y h a v e b e e n e x p o s e d i n t he p a s t .
T h i s \ >« 11 e n a b l e e p i d e m i o l o g i st s t o c o m p a r e d i s e a s e r a t e s a m o n g g r o u p s o f w o r k e r s w i t h
c o m m o n h i s t o r i e s o f ex p o s u r e t o a g e n t s o f in t e r e s t , e v e n i f t h e i r j o b h i s t o r i e s a r e n o t
s im i l a r .
T a b l e 4 : S a m p l e M a t r i x C o n t e n t s : L u b e / B a s e O il E x t r a c t i o n (F u r f u r a l ) U n i t
U n i t E x p o s u r e A g e n t C o d e a n d N am e St a r t
D a t e
E n d
D a t e
C e r t a i n t y
o f
A s s e s s ¬
m e n t * *
1 5 3 0 G A 2 3 F u r f u r a l 0 1 0 1 3 0 1 2 3 1 9 3 A C
1 5 3 0 S A 2 3 F u r f u r a l 0 1 0 1 3 6 1 2 3 1 8 9 A C
1 5 3 0 G A 2 6 A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 3 0 1 2 3 1 9 3 A C
1 5 3 0 S A 2 6 A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 3 6 1 2 3 1 8 9 A C
1 5 3 0 G A 2 7 A r o m a t i c h y d r o c a r b o n s 0 1 0 1 3 0 1 2 3 1 9 3 A C
1 5 3 0 S A 2 7 A r o m a t i c h y d r o c a r b o n s 0 1 0 1 3 6 1 2 3 1 8 9 A C
1 5 3 0 G A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s 0 1 0 1 3 0 1 2 3 1 9 3 A C
1 5 3 0 S A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s 0 1 0 1 3 6 1 2 3 1 8 9 A C
1 5 3 0 G A 4 8 P o l y n u c A r o m a t i c s 0 1 0 1 3 0 1 2 3 1 9 3 P O
1 5 3 0 S A 4 8 P o l y n u c A r o m a t i c s 0 1 0 1 3 6 1 2 3 1 8 9 P O
O n l y j o b s in th e m a i n t e n a n c e u n i t (2 4 00 ) a r e i n d iv i d u a l ly c o d e d .
* * PO = p o s s i b ly e x p o s e d ; P R = p r o b a b l y e x p o s e d; A C = a lm o s t c e r t a i n l y e x p o s e d .
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T a b l e 5 : S a m p l e M a t r ix C o n t e n t s : M a i n t e n a n c e C r a f t s - M e t a l s
U n it E x p o s u r e A g e n t Co d e a n d N am e
(C o d e is f o r e a s e i n l a t e r e p i d e m i o l o g ic a l
c o m p a r i s o n s . )
St a r t
D a t e
E n d
D a t e
C e rt a in t y
o f A s s e s s ¬
m e n t * *
2 4 0 0 CA G A l l C a r b o n M o n o x i d e 0 1 0 1 1 0 1 2 3 1 9 3 P R
2 4 0 0 C A G A 2 5 H y d r a z i n e 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 4 0 0 C A G A 4 0 N i c k e l 0 1 0 1 1 0 1 2 3 1 9 3 P O
2 4 0 0 C A G A 5 1 S i l i c a 0 1 0 1 1 0 1 2 3 1 9 3 P O
2 4 0 0 C A G A 5 8 V a n a d i i i m C o mp o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 P O
2 4 0 0 CA G A 7 6 M a n g e s i a 0 1 0 1 1 0 1 2 3 1 9 3 P R
2 4 0 0 CA G A 8 A s b e s t o s 0 1 0 1 1 0 1 2 3 1 9 3 A C
2 4 0 0 C B G A l l C a r b o n M o n o x i d e 0 1 0 1 1 0 1 2 3 1 9 3 P O
2 4 0 0 C B G A 2 9 H y d r o c h l o r i c A c i d 0 1 0 1 1 0 1 2 3 1 9 3 P O
2 4 0 0 C B G A 3 4 L e a d ( i n o r g a n i c c o mp o u n d s ) 0 1 0 1 1 0 1 2 3 1 9 3 A C
2 4 0 0 C B G A 3 5 M a n g a n e s e 0 1 0 1 1 0 1 2 3 1 9 3 P O
2 4 0 0 C B G A 4 1 O x i d e s o f N i t r o g e n 0 1 0 1 1 0 1 2 3 1 9 3 P O
2 4 0 0 C B G A 5 1 S i l i c a 0 1 0 1 1 0 1 2 3 1 9 3 P O
2 4 0 0 C B G A 6 3 B u t a n e 0 1 0 1 1 0 1 2 3 1 9 3 P O
2 4 0 0 C B G A 7 1 P r o p a n e 0 1 0 1 1 0 1 2 3 1 9 3 P O
2 4 0 0 C B G A 8 A s b e s t o s 0 1 0 1 1 0 1 2 3 1 5 9 P O
2 4 0 0 C C G A 2 6 A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 1 0 1 2 3 1 9 3 A C
2 4 0 0 C C G A 2 7 A r o m a t i c h y d r o c a r b o n s 0 1 0 1 1 0 1 2 3 1 9 3 A C
2 4 0 0 C C G A 6 5 B e n z e n e 0 1 0 1 1 0 1 2 3 1 9 3 P R
2 4 0 0 C C G A 7 6 M a n g e s i a 0 1 0 1 1 0 1 2 3 1 9 3 P R
2 4 0 0 C C G A S A s b e s t o s 0 1 0 1 1 0 1 2 3 1 9 3 A C
2 4 0 0 C D G A 3 2 I r o n c o mp o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 A C
2 4 0 0 C E G A 1 7 C o p p e r , C u c o mp o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 P O
2 4 0 0 C E G A 1 3 C h r o m i u m
,
C r c o mp o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 4 0 0 C E G A 3 2 I r o n c o mp o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 A C
2 4 0 0 C E G A 3 4 L e a d ( i n o r g a n i c c o mp o u n d s ) 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 4 0 0 C E G A 4 0 N i c l c e l 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 4 0 0 C E G A 5 9 Z i n c 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 4 0 0 C F G A l l C a r b o n M o n o x i d e 0 1 0 1 1 0 1 2 3 1 9 3 PR
2 4 0 0 C F G A 1 3 C h r o m i u m , C r c o mp o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 PR
2 4 0 0 C F G A 1 7 C o p p e r , C u c o n f o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 P O
2 4 0 0 C F G A 2 9 H y d r o c h l o r i c A c i d 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 4 0 0 C F G A 3 2 I r o n c o mp o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 A C
2 4 0 0 C F G A 3 5 M a n g a n e s e 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 4 0 0 C F G A 4 1 O x i d e s o f N i t r o g e n 0 1 0 1 1 0 1 2 3 1 9 3 PR
2 4 0 0 C F G A 4 0 N i c k e l 0 1 0 1 1 0 1 2 3 1 9 3 PR
2 4 0 0 C F G A 4 3 P h e n o l 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 4 0 0 C F G A 4 4 P h o s g e n e 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 4 0 0 C F G A 5 A mm o n i a 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 4 0 0 C F G A 5 1 S i l i c a 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 4 0 0 C F G A 5 8 V a n a d i u m C o m p o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 4 0 0 C F G A 5 9 Z i n c 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 4 0 0 C F G A 6 3 B u t a n e 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 4 0 0 C F G A 7 1 P r o p a n e 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 4 0 0 C F G A S A s b e s t o s 0 1 0 1 1 0 1 2 3 1 5 9 PO
♦ O n l y j o b s in th e m a in t e n a n c e u n it (2 4 00 ) a r c in di v i du al ly c o d e d CA = B o i l e n n a k c r ; CB = L e a d
B u r n i n g ; C C = P i p e fi t t i n g ; CD = St r u c t u r a l St e e l ; CE = T i n s m i t h in g ; CF= W e ld i n g .
* * P O = p o s s ib ly e x p o s e d ; P R
=
p r o b a b ly e x p o s e d ; A C
= a l m o s t c e r t a in ly e x p o s e d .
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T a b l e 6 : S a m p l e W o r k e r H i s t o t y (T w o W o r k e r s )
W o r k e r S t a r t D a t e E n d D a t e U n i t J o b C o m p a n y
1
1
2
2
0 2 2 0 5 7
0 5 0 1 6 9
0 7 1 3 5 0
1 1 1 1 5 8
0 4 3 0 6 9
0 7 1 8 8 1
1 1 1 0 5 8
0 2 0 3 7 0
1 5 3 0
2 4 0 0
2 4 0 0
2 4 0 0
CA
CA
C F
S
S
S
S
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T a b l e 7 : W o r k e r s L i n k e d w i t h E x p o s u r e V i a J o b C o d e s (M e r g e d D a t a F i l e )
o
r
k
e
r
W o r k ¬
e r
St a rt
D a t e
W o r k ¬
e r E n d
D a t e
U n it E x p o s u r e A g e n t N am e
(F o r r e a s o n s o f sp a c e . A g e n t
C o d e h a s b e e n o n u t t e d )
L in k
S t a rt
D a t e
L i n k
E n d
D a t e
C e r ¬
t a in t y
1 0 2 2 0 5 7 0 4 3 0 6 9 1 5 3 0 S F u r f u r a l 0 1 0 1 3 6 1 2 3 1 8 9 A C
1 0 2 2 0 5 7 0 4 3 0 6 9 1 5 3 0 S A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 3 6 1 2 3 1 8 9 A C
1 0 2 2 0 5 7 0 4 3 0 6 9 1 5 3 0 S A r o m a t i c h y d r o c a r b o n s 0 1 0 1 3 6 1 2 3 1 8 9 A C
1 0 2 2 0 5 7 0 4 3 0 6 9 1 5 3 0 S M i n e r a l & L u b r i c a t i n g O i l s 0 1 0 1 3 6 1 2 3 1 8 9 A C
1 0 2 2 0 5 7 0 4 3 0 6 9 1 5 3 0 S P o l y n u c A r o m a t i c s 0 1 0 1 3 6 1 2 3 1 8 9 PO
1 0 5 0 1 6 9 0 7 1 8 8 1 2 4 0 0 C A S C a r b o n M o n o x i d e 0 1 0 1 1 0 1 2 3 1 9 3 P R
1 0 5 0 1 6 9 0 7 1 8 8 1 2 4 0 0 C A S H y d r a z i n e 0 1 0 1 1 0 1 2 3 1 9 3 P O
1 0 5 0 1 6 9 0 7 1 8 8 1 2 4 0 0 C A S N i c k e l 0 1 0 1 1 0 1 2 3 1 9 3 P O
1 0 5 0 1 6 9 0 7 1 8 8 1 2 4 0 0 C A S S i l i c a 0 1 0 1 1 0 1 2 3 1 9 3 P O
1 0 5 0 1 6 9 0 7 1 8 8 1 2 4 0 0 C A S V a n a d i u m C o m p o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 P O
1 0 5 0 1 6 9 0 7 1 8 8 1 2 4 0 0 C A S M a n g e s i a 0 1 0 1 1 0 1 2 3 1 9 3 P R
1 0 5 0 1 6 9 0 7 1 8 8 1 2 4 0 0 C A S A s b e s t o s 0 1 0 1 1 0 1 2 3 1 9 3 A C
2 0 7 1 3 5 0 1 1 1 0 5 8 2 4 0 0 C A S C a r b o n M o n o x i d e 0 1 0 1 1 0 1 2 3 1 9 3 P R
2 0 7 1 3 5 0 1 1 1 0 5 8 2 4 0 0 C A S H y d r a z i n e 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 0 7 1 3 5 0 1 1 1 0 5 8 2 4 0 0 C A S N i c k e l 0 1 0 1 1 0 1 2 3 1 9 3 P O
2 0 7 1 3 5 0 1 1 1 0 5 8 2 4 0 0 C A S S i l i c a 0 1 0 1 1 0 1 2 3 1 9 3 P O
2 0 7 1 3 5 0 1 1 1 0 5 8 2 4 0 0 C A S V a n a d i u m C o m p o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 0 7 1 3 5 0 1 1 1 0 5 8 2 4 0 0 C A S M a n g e s i a 0 1 0 1 1 0 1 2 3 1 9 3 PR
2 0 7 1 3 5 0 1 1 1 0 5 8 2 4 0 0 C A S A s b e s t o s 0 1 0 1 1 0 1 2 3 1 9 3 A C
2 1 1 1 1 5 8 0 2 0 3 7 0 2 4 0 0 C F S C a r b o n M o n o x i d e 0 1 0 1 1 0 1 2 3 1 9 3 PR
2 1 1 1 1 5 8 0 2 0 3 7 0 2 4 0 0 C F S C h r o m i u m , C r c o mp o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 PR
2 1 1 1 1 5 8 0 2 0 3 7 0 2 4 0 0 C F S C o p p e r , C u c o mp o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 1 1 1 1 5 8 0 2 0 3 7 0 2 4 0 0 C F S H y d r o c h l o r i c A c i d 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 1 1 1 1 5 8 0 2 0 3 7 0 2 4 0 0 C F S I r o n c o mp o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 A C
2 1 1 1 1 5 8 0 2 0 3 7 0 2 4 0 0 C F S M a n g a n e s e 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 1 1 1 1 5 8 0 2 0 3 7 0 2 4 0 0 C F S O x i d e s o f N i t r o g e n 0 1 0 1 1 0 1 2 3 1 9 3 PR
2 1 1 1 1 5 8 0 2 0 3 7 0 2 4 0 0 C F S N i c k e l 0 1 0 1 1 0 1 2 3 1 9 3 PR
2 1 1 1 1 5 8 0 2 0 3 7 0 2 4 0 0 C F S P h e n o l 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 1 1 1 1 5 8 0 2 0 3 7 0 2 4 0 0 C F S P h o s g e n e 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 1 1 1 1 5 8 0 2 0 3 7 0 2 4 0 0 C F S A m m o n i a 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 1 1 1 1 5 8 0 2 0 3 7 0 2 4 0 0 C F S S i l i c a 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 1 1 1 1 5 8 0 2 0 3 7 0 2 4 0 0 C F S V a n a d i u m C o n f o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 1 1 1 1 5 8 0 2 0 3 7 0 2 4 0 0 C F S Z i n c 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 1 1 1 1 5 8 0 2 0 3 7 0 2 4 0 0 C F S B u t a n e 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 1 1 1 1 5 8 0 2 0 3 7 0 2 4 0 0 C F S P r o p a n e 0 1 0 1 1 0 1 2 3 1 9 3 PO
2 1 1 1 1 5 8 0 2 0 3 7 0 2 4 0 0 C F S A s b e s t o s 0 1 0 1 1 0 1 2 3 1 5 9 PO
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D i s c u s s i o n a n d C o n c l u s i o n s
T h e j o b - e x p o s u r e m a t ri x d e s c ri b e d i n t h i s p a p e r w i l l e n a b l e e p i d e m i o l o g i s t s t o
q u i c k ly a c c e s s q u a l it a t i v e e x p o s u r e hi s t o ri e s f o r p e t r o l e u m r e fi n e r y w o r k e r s u s in g w o r k e r
j o b h i s t o ri e s . T h e g e n e r a l m a t r ix c a n b e u s e d i n it s p r e s e n t f o r m o r c a n b e e d it e d t o m o r e
a c c u r a t e l y r e p r e s e n t t h e hi s t o ri c a l e x p o s u r e s a t a s p e c i fi c r e fi n e r y . T h e m a t r i x f o r St a r
'
s
P o r t A r t h u r r e fi n e r y p r o v i d e s a n e x a m p l e o f h o w t h e g e n e r a l m a t ri x c a n b e m o d ifi e d ; t h i s
c o m p a n y - sp e c ifi c m a t r i x w il l b e u s e d in t h e n e a r fi i t u r e f o r a c a s e - c o n t r o l s t u dy i n c l u d i n g
w o r k e r s a t t h a t r e fi n e r y .
P r o c e s s /j o b - e x p o s u r e l i n k s i n c l u d e d in t h e g e n e r a l m a t r i x i n d ic a t e t h a t t h e
p a r t i c u l a r a g e n t w a s u s e d i n t ha t p r o c e s s a t s o m e r e fi n e ri e s i n t h e U n i t e d St a t e s . I f t h e
d a t e s o f u s e o f t h e p r o c e s s o r d a t e s o f u s e o f t h e c h e m i c a l i n t h e p r o c e s s ar e k n o w n , t h ey
a r e i n d i c a t e d . T h e d a t e s i n t h e m a t r ix g i v e a q u a l i t a t iv e i d e a o f h i s t o ri c a l c ha n g e s in
e x p o s u r e s a t p e t r o l e u m r e fi n e ri e s ; h o w e v e r , t h e l i n k s i n d i c a t e n o t hi n g a b o u t l e v e l s o f
e x p o s u r e T h e r e f o r e , t h e e f f e c t s o f c h a n g e s in e n gi n e e ri n g c o n t r o l s a n d u s e o f p e r s o n a l
p r o t e c t i v e e q u i p m e n t c o u l d n o t b e r e fl e c t e d e v e n i f k n o w n . I t i s im p o r t a n t , h o w e v e r , f o r
r e t r o s p e c t iv e s t u d i e s u s i n g j o b e x p o s u r e m a t ri c e s t o i n c l u d e h i s t o ri c a l c h a n g e s i n e x p o s u r e
(G o l db e r g , e t a l , 1 9 9 3 ) . O n e m e th o d f o r d o in g t hi s w o u l d b e t o c o n t r o l f o r t h e d im e n s io n
o f t im e i n t h e a n a l y s i s o f d a t a , s o t h a t p e o p l e e x p o s e d t o a s p e c i fi c a g e n t i n t h e 19 3 0
'
s
,
f o r
e x a m p l e , w o u l d b e r e c o g n i z e d t o h a v e (m o s t l i k e l y ) e x p e ri e n c e d a hi g h e r d o s e t h a n a
p e r s o n e x p o s e d t o t h e s a m e s u b s t a n c e i n t h e 1 97 0
'
s . T h i s i n d i r e c t m e t h o d a c k n o w l e d g e s
t h e d e p e n d e n c e o f d o s e o n h i s t o ri c a l p e ri o d b u t d o e s n o t r e qu ir e a d d i t i o n a l (a n d p o s s i b ly
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in a c c u r a t e ) a s s e s s m e n t s f o r e a c h m a t ri x l i n k . T h i s m e t h o d w i l l b e u s e d i n t h e c o m p a n i o n
e p i d e m i o l o g y s t u dy o f O C A W I U m e m b e r s w h o w o r k e d a t t h e t hr e e T e x a s o i l r e fi n e ri e s
m e n t i o n e d i n t h e in t r o du c t i o n .
E a c h l i n k o f t h e m a t ri x h a s b e e n a s s ig n e d a c e r t a i n t y c o d e , i n d i c a t e d b y
" A C
"
(a lm o s t c e r t a i n l y ),
"
PR " (p r o b a bl y ), a n d
"
P O " (p o s s i b ly ) . T h e r a t i o n a l e b e hi n d t h e s e
a s s e s s m e n t s i s g i v e n i n t h e R e s u lt s s e c t i o n . I n f u t u r e u s e o f t h e m a t ri x , c a r e f u l a t t e n t i o n
s h o u l d b e g i v e n t o e x p o s u r e - p r o c e s s li n k s t h a t h a v e b e e n a s s i g n e d t h e
" P O
"
c e r t a i n t y
c o d e . I f i t c a n b e e s t a b l i s h e d t h a t t h e a g e n t w a s p r e s e n t a t a g i v e n u n i t a t a s p e c i fi c
r e fi n e r y , t he p r o c e s s - e x p o s u r e li n k m a y n e e d t o b e r e - e v a lu a t e d t o in d ic a t e t h at w o r k e r s
w o u l d
"
p r o b a b l y
"
o r
"
a l m o s t c e r t a i n l y
" ha v e b e e n e x p o s e d a b o v e b a c k g r o u n d . I f , w i t h a
l in k a s s i g n e d
"
P O
"
a s t h e c e r t a i n t y v a ri a b l e , i t c a n b e e s t a b l i s he d t h a t t h a t c h e m i c a l w a s
n o t p r e s e n t a t a s p e c i fi c p r o c e s s u n i t , t h a t li n k sh o u l d b e r e m o v e d fi
^
o m t he c o m p a n y -
s p e c i fi c m a t r i x .
T h e m o s t f r e q u e n t ly - a p p e a ri n g c e r t a i n t y a s s e s s m e n t i s
"
P O "
,
b e c a u s e m a n y o f t h e
p r o c e s s e s v a r y s o m e w h a t fi
^
o m o n e r e fi n e r y t o t he n e x t . F o r e p i d e m i o l o g i s t s w ho m i g ht
u s e t h e m a t r ix
,
t hi s r a i s e s q u e s t i o n s a b o u t t h e v a l i d it y o f c o r r e l a t i o n s t h a t m a y b e o b s e r v e d
b e t w e e n d i s e a s e s o f in t e r e s t a n d g r o u p s o f w o r k e r s i d e n t i fi e d a s e x p o s e d t o a s p e c ifi c
a g e n t T h e v a l i d i t y o f t h e s e c o r r e l a t i o n s de p e n d s o n t h e m a t ri x
'
s s e n s it i v i t y , s p e c i fi c i t y ,
a n d p o s i t i v e p r e d i c t iv e v a l u e I m p e r f e c t s e n s i t iv i t y a n d s p e c i fi c i t y in t h e m a t r i x c a u s e n o n -
d i f fe r e n t i a l e x p o s u r e m i s c l a s s i fi c a t i o n , w h i c h b i a s e s t h e o b se r v e d o d d s r a t i o t o w a r ds th e
n u ll a n d m a s k s a s s o c i a t i o n s b e t w e e n j o b s a n d e x p o s u r e s .
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S e n s i t iv i t y i s t h e p r o b a b i l i t y o f c o r r e c t l y c l a s s i f y i n g a s e x p o s e d a p e r s o n w h o t r u l y
i s e x p o s e d . L o w s e n s i t iv i t y w o u ld o c c u r i f a n e x p o s u r e w e r e n o t i d e n t ifi e d i n t h e m a t r i x
(K a u p p in e n a n d P a r t a n e n , 1 9 8 8 ). T hi s m a t r ix i s b e l i e v e d t o h a v e f a i r l y hi g h s e n s i t i v i t y i f
a l l o f t he e x p o s u r e l i n k s a r e u s e d r eg a r d l e s s o f t h e c e r t a in t y a s s o c i a t e d w it h t h e m . T hi s i s
b e c a u s e o f t h e e x t e n s i v e l i s t o f e x p o s u r e a g e n t s c o n s i d e r e d a n d l i b e r a l u s e o f t h e
"
p o s s i b l e
"
c e r t a i n t y c o d e t o i d e n t i fy j o b - e x p o s u r e l in k s t h a t m a y a p p l y t o o n l y a f ew
w o r k e r s w it h t h a t j o b / p r o c e s s c o d e . E v e n a p e r f e c t l y s e n s i t i v e m a t ri x c a n n o t o f e r t h e
p r o m i s e o f p e r f e c t s e n s i t i v it y fo r a st u d y , h o w e v e r , b e c a u s e t hi s a l s o d e p e n d s o n t h e
c o m p l et e n e s s o f o t h e r in f o r m at i o n u s e d in t h e s t u d y . I f a w o r k e r
'
s o c c u p a t i o n a l h i s t o r y i s
i n c o m p l e t e , f o r e x am p l e , s o m e e x p o s u r e s m a y b e m i s s e d, t h u s r e d u c in g t h e s e n s it i v i t y o f
t h e e x p o s u r e a s s e s s m e n t (K a u p p i n e n a n d P a r t a n e n , 1 9 8 8 ) .
Sp e c i fi c i t y i s t h e a b i l i t y t o c l a s s ify a s n o n - e x p o s e d t h o s e w o r k e r s w h o t r u ly a r e n o t
e x p o s e d . L o w s p e c ifi c i t y o c c u r s w h e n j o b t i t l e c l a s s e s a r e b r o a d , m e a n i n g t h a t m a n y
w o r k e r s a r e c l a s s i fi e d a s e x p o s e d w he n t h e y a r e n o t (b e c a u s e o f j o b - , t im e - o r p l a n t -
sp e c i fi c f a c t o r s ) . L o w sp e c i fi c i t y i s a l s o o f c o n c e r n w h e n d i f e r e n t p e o p l e w i th t he s a m e
j o b t i t l e p e r f o r m d if e r e n t t a s k s (K a u p p i n e n a n d P a r t a n e n , 19 8 8 ). W i t h t he g e n e r a l
p e t r o l e u m - r e fi n e r y m a t r i x d i s c u s s e d h e r ei n , u s e o f t h e n a r r o w e s t p o s s i b l e u n i t
c l a s s i fi c a t i o n s w i ll im p r o v e t h e sp e c i fi c i t y . F o r e x a m p l e , i f i t i s k n o w n t h a t w - m e t hy l -
p y r r o l i d o n e i s u s e d i n l u b e o i l e x t r a c t i o n , c o d e 15 8 0 sh o u l d b e a s s i gn e d t o t h o s e w o r k e r s
r a t h e r t h a n t h e b r o a de r 15 0 0
,
w hi c h i n c l u d e s e x p o s u r e a g e n t s f o r u n i t c o d e s 15 10 t hr o u g h
1 5 8 0 . (H o w e v e r , im p r o p e r u s e o f t h e n a r r o w c o d e s w i l l r e d u c e t h e s e n s it i v it y o f t h e
e x p o s u r e a s s e s s m e n t b e c a u s e a t r u e e x p o s u r e m a y n o t b e i d e n t ifi e d . ) S p e c i fi c it y f o r t im e -
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a n d p l a n t - s p e c i fi c f a c t o r s c a n b e im p r o v e d b y t m l o r in g t h e m a t r i x t o a s p e c i fi c r e fi n e r y
u s in g h i s t o r i c a l in f o r m a t i o n a b o u t t h at r efi n e r y . T h e a r e a w hi c h r a i s e s t h e m o s t c o n c e r n i n
t e r m s o f p e o p l e w i t h t h e s a m e j o b c a t e g o r y p e r f o r m i n g d i fi f e r e n t t a s k s i s t h a t o f
m a i n t e n a n c e . I n s o m e r e fi n e ri e s
,
e a c h p e r s o n m a y b e a s s i g n e d sp e c i fi c d u t i e s a n d c o u l d b e
c l a s s i fi e d u s i n g t h e m a t ri x a s a
" b o i l e r m a k e r " o r " p i p e fi t t e r
"
,
t h e r e by b e i n g a s s i g n e d f a i r ly
j o b - s p e c i fi c e x p o s u r e s . H o w e v e r , s o m e r e fi n e ri e s (in c l u d i n g St a r ' s P o r t A r t hu r r e fi n e r y )
h a v e a s i n g l e j o b c a t e g o r y f o r a l l m a i n t e n a n c e w o r k e r s . I n t h i s c a s e , t h e c o d e w o u l d b e
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,
w h i c h i n c l u d e s a l l e x p o s u r e s a s s o c i a t e d w i th a n y m a i n t e n a n c e a c t iv i t i e s . T h e s e
a c t i v it i e s a n d t h e r e l a t e d e x p o s u r e s v a r y c o n s i d e r a b l y , s o i n d iv i d u a l w o r k e r s c o u l d be
c l a s s i fi e d a s ex p o s e d t o s u b s t a n c e s w h i c h t h e y p e r s o n a l l y m a y n e v e r e n c o u n t e r a t l e v e l s
a b o v e r e fi n e r y b a c k g r o u n d . A n o t h e r c o n s i d e r a t i o n in t e rm s o f t h e s p e c i fi c i t y o f t hi s
p e t r o l e u m r e fi n e r y m at r i x i s t h e c e r t a i n t y c o d e . I f l i n k s w i t h a ll t h r e e c e r t a i n t y c o d e s a r e
u s e d
,
t he sp e c i fi c i t y w i ll b e r e d u c e d b e c a u s e o f t h e l a r g e n u m b e r o f l i n k s w h i c h i n d i c a t e
"
p o s s i b l e
"
e x p o s u r e , m e a n i n g m a n y u n e x p o s e d w o r k e r s w o u l d b e in c l u d e d in t h e e x p o s e d
g r o u p . I f , o n t h e o t h e r h a n d , o n l y t h e
"
a lm o s t c e r t a in
"
(a n d
"
p r o ba b l e
"
) li n k s a r e u s e d , t h e
sp e c i fi c it y w o u l d b e m u c h h i g h e r . (T hi s w o u l d , h o w e v e r , l o w e r t h e s e n s i t i v i t y . ) T h e u s e
o f t h e m a t ri x i n a n a l y s i s c a n a l s o a fi e c t t h e o v e r a l l s p e c i fi c it y . I f a l a t e n c y p e ri o d i s
o m i t t e d
,
r e c e n t e x p o s u r e s w o u l d b e r e c o r d e d a s e x p o s u r e s e v e n t h o u g h t h e i r im p o r t a n c e
i n t h e i n i t i a t i o n o f t h e o b s e r v e d d i s e a s e m a y b e l im i t e d (K a u p p in e n a n d P a r t a n e n , 1 9 8 8) .
A n e p i d e m i o l o g i s t
'
s k n o w l e dg e o f t h e d i s e a s e p r o c e s s u n d e r i n v e s t i g a t i o n w o u l d h e l p t o
e li m i n a t e t h i s a d d it i o n a l r e du c t i o n i n s p e c i fi c i t y . O th e r f a c t o r s t h a t c o u l d e f fe c t a s t u d y
'
s
o v e r a l l sp e c i fi c i t y i n c l u d e in a c c u r at e j o b h i s t o ri e s a n d i n a c c u r a t e c o d in g o f j o b h i s t o ri e s .
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Wi t h a l o w e x p o s u r e p r e v a l e n c e , s p e c i fi c i t y t h a t i s o n l y s o m e w h a t l e s s t h a n p e r f e c t
( 10 0 % ) c a n h a v e a g r e a t e fi e c t o n o b s e r v e d o d d s r a t i o s , b i a s i n g t h e m s i g n ifi c a n t l y t o w a r d s
t h e n u l l v a l u e . T h e hi g h e r t h e p r o p o r t i o n o f e x p o s e d p e r s o n s , t h e g r e a t e r t h e e fi fe c t o f t h e
s e n s i t iv i t y o n t h e o b s e r v e d o d d s r a t i o (K a u p p i n e n a n d P a r t a n e n , 19 8 8 ) . T h u s , t h e b e s t u s e
o f t h e c e r t a i n t y a s s e s sm e n t s f o r m a t r i x li n k s w il l d e p e n d o n t h e e x p o s u r e p r e v a l en c e . F o r
a n e x p o su r e c a t e g o r y l i k e a li ph a t i c h y dr o c a r b o n s , f o r w hi c h w o r k e r e x p o s u r e i s p o s s i b ly
a b o v e b a c k g r o u n d i n m o s t r e fi n e r y u n i t s , i t w o u l d b e b e s t t o u s e a l l l i n k s , n o m a t t e r w h a t
t h e c e r t a i n t y a s s o c i a t e d w i t h t h e m , t o i n c r e a s e t h e s e n s i t iv i t y a n d r e d u c e b i a s i n t h e o d d s
r a t i o . F o r a m o r e r a r e e x p o s u r e , s u c h a s a sb e s t o s o r p l a t i n u m , i t w o u l d b e b e s t t o o n ly u s e
t h o s e l i n k s w h i c h a r e i n di c a t e d t o b e
"
al m o s t c e r t a i n
"
(a n d
"
p r o b ab l e
"
) , a s t h i s w o u l d
i n c r e a s e t h e sp e c i fi c it y a n d t h e r e by l o w e r t h e b i a s i n t h e o d d s r a t i o . I n ei t h e r c a s e , t h e
c o d i n g o f w o r k e r h i s t o ri e s s h o u l d e m p l o y t h e n a r r o w e s t u n it y^o b c o d e s t h a t c a n
k n o w l e dg e a b ly b e a p p li e d .
A n o th e r c o n s i d e r a t i o n i n d e t e r m i n i n g a s t u dy
'
s v a l i d it y i s t h e p o s i t iv e p r e di c t i v e
v a l u e o f t h e e x p o s u r e a s s e s sm e n t . A h ig h p o s i t iv e p r e di c t i v e v a l u e f o r a j o b - e x p o s u r e
m a t r i x i s m o r e c r u c i a l t ha n it s s e n s i t i v i t y (P l a t o a n d S t e n i c k , 19 9 3 ) . (A p o s i t iv e p r e d i c t i v e
v a l u e o f 1. 0 0 w o u l d m e a n t h a t a ll w o r k er s w h o w e r e c l a s s i fi e d a s e x p o s e d w e r e t r u l y
e x p o s e d . ) Wit h t hi s r e fi n e r y m a t r ix , t h e p o s i t i v e p r e d i c t iv e v a l u e , l i k e t h e s p e c ifi c it y , c a n
b e r a i s e d by a s s ig n m e n t o f n a r r o w j o b c o d e s a n d u s e o f o n l y
"
a h n o s t c e r t a in
"
(a n d
"
p r o b a b l e
"
) li n k s i n t h e a n a l y s i s . D et e r m i n a t i o n s o f ho w t o u s e t h e c e r t a in t y c o d e s t o
a dj u s t s e n s it i v i t y , sp e c ifi c i t y a n d p o s i t iv e p r e d i c t i v e v a l u e a r e c o m p l i c a t e d b y t h e f a c t t h a t ,
w h e n o n e i s d e a l i n g w it h c o n f o u n d in g a g e n t s , s e n s i t iv i t y i s m o r e c ri t i c a l t h a n s p e c ifi c i t y
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(P l a t o a n d St e n i c k , 1 9 9 3) . U n f o r t u n a t e ly , u s i n g a l l t h r e e c e r t a i n t y c o d e s t o im p r o v e t he
s e n s i t iv i t y w o u l d l o w e r t h e m o r e im p o r t a n t p o s i t iv e p r e d i c t iv e v a l u e .
T h e e f fe c t s o f i n c o m pl e t e s e n s i t i v i t y a n d sp e c ifi c i t y a r e b r o a d ly t e r m e d e x p o s u r e
m i s c l a s s ifi c a t io n . Wi t h a j o b - e x p o s u r e m a t r i x a ll l i n k s b e tw e en j o b s a n d e x p o s u r e s a r e
d e t e r m in e d p r i o r t o s e l e c t i o n o f c a s e s a n d c o n t r o l s . T h e r e fo r e , m i s c l a s s i fi c a t i o n o f
e x p o s u r e i s m o s t li k e ly t o b e n o n
- d i£Ee r e n t i a l
,
l e a d in g t o b i a s o f t h e o d d s r a t i o t o w a r d s t h e
n u ll v a l u e (K a u p p i n e n a n d P art a n e n , 19 8 8 ; D e w a r , e t a l , 19 9 1; G o l d b e r g , e t a l , 1 99 3 ) .
T hi s b i a s c a n o b s c u r e e x i s t i n g l i n k s b e t w e e n e x p o s u r e a n d d i s e a s e . M i s c l a s s i fi c a t i o n in a
j o b e x p o s u r e m a t r ix a n d i t s r e s u l t in g l o s s in s t a t i s t i c a l p o w e r t o d e t e c t e x c e s s r i s k a r e t h e
m a i n d i s a d v a n t a g e s o f u s i n g a j o b - e x p o s u r e m a t r i x f o r h i s t o r i c a l e x p o s u r e a s s e s s m e n t a s
o p p o s e d t o o t h e r m e t h o d s w h i c h c a n b e m o r e s t a t i s t i c a l l y p o w e r fi i l (s u c h a s e x p e r t
a s s e s s m e n t o f in di v i d u a l j o b t i t l e s ) (D e w a r , e t a l , 1 9 9 1) .
O n e s ig n i fi c a n t a dv a n t a g e o f j o b - e x p o s u r e m a t r i c e s i n c o m p a r i s o n t o t h e
p o t e n t i a ll y m o r e p o w e r fi i l e x p e r t a s s e s sm e n t o f i n d iv i d u a l j o b h i s t o ri e s i s t h a t d i f fe r e n t ia l
m i s c l a s s ifi c a t i o n (d i f f e r e n t s e n s it i v i t i e s o r s p e c ifi c i t i e s f o r c a s e s v e r s u s c o n t r o l s ) i s l e s s
l ik e l y w i t h a j o b - e x p o s u r e m a t r i x (B o u y e r a n d H e m o n , 19 9 3) . T h i s i s b e c a u s e e x p o s u r e
a s s e s sm e n t s a r e m a d e a h e a d o f t im e f o r e a ch p r o c e s s o r j o b c at e g o r y , a n d a ft e r c a s e s a n d
c o n t r o l s a r e s e l e c t e d t h e i r j o b h i s t o ri e s m u s t o n l y b e c o d e d t o m a t c h t h e p r o c e s s a n d j o b
c o d e s i n t h e m a t r i x . T h i s e l im i n a t e s r e p e a t a s s e s sm e n t s f o r t h e s a m e j o b s o r p r o c e s s e s ,
r e d u c i n g t h e c h a n c e f o r e r r o r a n d a l s o m a k in g j o b e x p o s u r e m a t ri c e s m o r e e c o n o m i c a l
t h a n i n d iv i d u a l a s s e s s m e n t o f e a c h w o r k e r
'
s j o b h i s t o r y (G o l db e r g , e t a l , 1 9 9 3 ;
Si e m i a t y c k i , e t a l , 1 9 8 9 ). A n o t h e r a d v a n t a g e o f t h e j o b - e x p o s u r e m a t r i x i s t h a t , b e c a u s e
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m u c h o f t h e w o r k i s d o n e a h e a d o f c a s e a n d c o n t r o l s e l e c t i o n , t h e s t u dy c a n b e c o m p l e t e d
r e l a t i v e l y r a p i dl y o n c e w o r k hi s t o r i e s a r e a v a i l a b l e f o r t h e s t u d y s u bj e c t s .
E v e n if e x p o s u r e a s s e s s m e n t s m a d e f o r t h e m a t r i x a r e a c c u r a t e , i n a c c u r a c y c a n
e n t e r t h e s t u dy
'
s e x p o s u r e a s s e s s m e n t a ft e r c a s e s a n d c o n t r o l s h a v e b e e n s e l e c t e d . T hi s
i n a c c u r a c y c a n b e d u e t o a l a c k o f j o b t it l e s , i n c o r r e c t o c c u p a t i o n a l hi s t o r i e s , o r i n c o r r e c t
c o d in g o f w o r k e r s
'
j o b t i t l e s i n t o t h e m a t r i x
'
s p r o c e s s o r j o b c a t e g o r i e s ( Se ib e r , e t a l ,
19 9 1) . T h e fi r s t t w o s o u r c e s o f i n a c c u r a c y a l s o a p p l y t o o t h er s t r a t e g i e s f o r hi s t o r i c a l
e x p o s u r e a s s e s sm e n t , b u t t h e p r o b l e m o f im p r o p e r c o d i n g o f o c c u p a t i o n a l hi s t o r i e s w i t hi n
t h e m a t ri x i s u n i q u e t o j o b e x p o s u r e m a t ri c e s . A n o t h e r c o n s i d e r at i o n i n e v al u a t in g t h e
a c c u r a c y o f h i s t o ri c a l e x p o s u r e a s s e s s m e n t u s i n g a j o b - e x p o s u r e m a t r i x in v o lv e s t h e
s am p l e s i z e t o w h i c h t h e m a t r ix i s a p p l i e d . A l t h o u g h t h e a b i l i t y o f a j o b - e x p o s u r e m a t ri x
t o p r e di c t j o b - sp e c i fi c e x p o s u r e s m a y b e r e a s o n ab l y g o o d , i t s a b i l i t y t o p r e d i c t l if e t im e j o b
e x p o s u r e s w i l l n o t b e a s g r e a t . T h i s i s b e c a u s e p r e d i c t i o n o f l if e t im e e x p o s u r e s i s b a s e d o n
t h e n u m b e r o f p e r s o n s i n t h e s t u d y , w hi c h w i ll li k e ly b e j u s t a fi - a c t i o n o f t h e t o t a l n u m b e r
o f j o bs (D ew a r , e t a l , 1 99 1) . S t a t i s t i c a l l y , a sm al l e r n (n u m be r o f o b s e r v a t i o n s p er
s a m p l e ) r e d u c e s t h e p o w e r o f t h e s t u dy t o d e t e c t d i f er e n c e s i n p o p u l a t i o n s .
T h e g e n e r a l p et r o l e u m r e fi n e r y p r o c e s s /j o b - e x p o s u r e m a t r ix d e v e l o p e d i n t h i s
r e s e a r c h c a n b e a p p l i e d q u i c k ly a n d in e x p e n s iv e l y t o w o r k e r hi s t o ri e s f o r a n y U n i t e d
St a t e s o il r e fi n e r y w o r k e r s , w it h o u t r e v i s i o n , t o o b t a i n q u a l i t a t i v e w o r k e r ex p o s u r e
h i s t o ri e s . T h e s e e x p o s u r e h i s t o ri e s c a n be u s e d i n e p i d e m i o l o g i c s t u di e s t o e s t im a t e o d d s
r a t i o s f o r e x p o s u r e - d i s e a s e l in k s . H o w e v e r , t h e br o a d n e s s (l a c k o f sp e c ifi c i t y ) o f t h e
m a t r i x m a y l im i t t h e a b i l i t y o f t h e e p i d e m i o l o g i s t t o d e t e c t e l e v at e d ri s k a m o n g w o r k e r s
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w i t h e x p o s u r e s o f in t e r e s t . T h e s e l i m it a t i o n s c o u l d b e r e d u c e d b y r e v i s i n g t h e m a t r i x t o
m a k e i t m o r e a c c u r a t e f o r t h e s p e c ifi c r e fi n e r i e s b e i n g s t u di e d . A n e x a m p l e o f h o w t hi s
c a n b e d o n e i s p r o v i d e d i n t h e c o m p a n y - s p e c i fi c m a t r i x f o r S t a r E n t e r p r i s e s i n P o r t A r t hu r .
W h e th e r o r n o t t h e g e n e r a l m a t r ix i s e di t e d f o r a sp e c i fi c s t u d y , p r o p e r c o d i n g o f r e fi n e r y
o p e r a t i o n s in t o t h e m a t r i x i s o f k e y im p o r t a n c e . T o a i d i n t h i s , d e s c r ip t i o n s o f t h e
p r o c e s s e s c o d e d in t h e m a t r i x a r e p r o v i d e d in A p p e n d ix D . T h e c u r r e n t a n d h i s t o r i c a l
o p e r a t i o n s a t t h e r e fi n e r y o f in t e r e s t s ho u l d be r e v i e w e d a n d c o m p a r e d w i t h t h e p r o c e s s e s
m c l u d e d m t h e m a t r i x t o fi n d t h e n a r r o w e s t p o s s ib l e c o d e . O n c e t hi s h a s b e e n d o n e ,
c o d in g o f w o r k e r j o b h i s t o r i e s c a n p r o c e e d , a n d t h e s e c a n b e m e r g e d w it h t h e m a t r ix t o
o b t a i n w o r k e r e x p o s u r e h i s t o r i e s a s sh o w n i n t h e R e s u l t s s e c t i o n . T h e s e e x p o s u r e
h i s t o r i e s c a n b e u s e d t o i d e n t i fy g r o u p s o f w o r k e r s w h o m a y h a v e e x p e r i e n c e d s im i l a r
e x p o s u r e s s o t h a t p o s s ib l e c o r r e l a t i o n s b et w e e n di s e a s e s a n d e x p o s u r e s c a n b e i d e n t ifi e d .
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Ch a r a c t e r iz a t i o n , a n d P e r f o r m a n c e , O c c e l l i , M . L . a n d A n t h o n y , R . G . , e d s . .
St u d i e s i n Su r f a c e Sc i e n c e a n d C a t a l y s t s , V o l . 5 0 , P r o c e e d in g s o f t h e A n n u a l
I n t e r n a t i o n a l A I C h E M e e t i n g , W a s hi n g t o n , D C , N o v e mb e r 2 7 - D e c e mb e r 2 , 19 8 8,
E l s e v i e r Sc i e n c e Pu b l i s h e r s B V
,
N e w Y o r k
,
19 89 .
2 4 F e i n t u c h
,
H M .
,
B o n i l l a
,
J . A
,
a n d G o d in o
,
R . L .
,
" F W D e l a y e d - C o k i n g P r o c e s s ,
"
H a n d bo o k of P e t r o l e u m R efi n i n g P r o c e s s e s , M e y e r s , R . A , e d . , C h e m i c a l P r o c e s s
T e c hn o l o g y H a n d b o o k S e ri e s , M c G r aw - H i ll B o o k C o m p a n y , N e w Y o r k , 19 86 .
2 5 . G a r y , J H . a n d H a n d w e r k , G . E . , P e t r o l e u m R efi n in g : T e c h n o l o g y a n d E c o n o m i c s ,
2 n d e d .
,
M a r c e l l D e k k e r
,
I n c .
,
N e w Y o r k
,
19 8 4
2 6 . G o l db e r g , M . , K r o m h o u t , H , G u e n e l, P , F l e t c h e r , A . C . , G e ri n , M . , G l a s s , D . C . ,
H e e d r e ri k
,
D
,
K a u p p in e n , T , P o n t i, A . ,
"
J o b E x p o s u r e M a t ri c e s i n I n d u s t r y ,
"
I n t e m a t i o n a l J o u m a l o f Ep i d e m i o l o gy , V o l . 2 2 , N o . 6 , Su p p l . 2 , p p . S 10 - S 1 5
( 19 9 3 ) .
2 7
. G r e e n o u g h , P . , a n d R o l f e , J . R . K . ,
"
B P I s o m e ri z a t i o n Pr o c e s s
,
" H a n d b o o k of
P e t r o l e u m R efi n i n g P r o c e s s e s , M e y e r s , R . A . , e d , C h e m i c a l P r o c e s s T e c hn o l o g y
H a n d b o o k S e ri e s
,
M c G r a w - H i l l B o o k C o mp a n y , N e w Y o r k , 1 9 86 .
3 8
2 8 G u lf
,
S e n i o ri t y R e c o r d s f o r P o r t A r t h u r R e fi n e r y , 1 9 5 2 - 1 9 7 9 , R e v i e w e d a t
O CA W I U L o c a l 4 - 2 3
,
P o r t A r t h u r
,
T X (Ja n u a r y 4 - 6 , 1 9 9 5 ) . (T h e G u l f P o r t
A r t h u r R e fi n e r y w a s p u r c h a s e d fi
-
o m G u l f b y C h e v r o n in t h e m i d - 1 9 80
'
s a n d fi ^ o m
C h e v r o n by C l a r k i n 1 9 9 5 . )
2 9 . H e n g s t e b e c k , R . J , P e tr o l e u m P r o c e s s i n g : P r i n c ip l e s a n d A p p l i c a t i o n s , M c G r a w -
H i l l B o o k C o m p a n y , N e w Y o r k , 1 9 59 .
3 0 H o a r
,
S . K .
,
M o r ri s o n
,
A S .
,
C o l e
,
P .
,
a n d S il v e r m a n
,
D . T .
,
"
A n O c c u p a t i o n a l a n d
E x p o s u r e L i n k a g e Sy s t e m f o r t h e St u d y o f O c c u p a t i o n a l C a r c i n o g e n e s i s ,
" J o u r n a l
o f O c c u p a t i o n a l M e d i c i n e , V o l . 2 2 , N o . 1 1 , p p . 7 2 2 - 7 2 6 ( 19 8 0 ) .
3 1 H u t s o n
,
J r .
,
T a n d M c C a r t h y , W . C ,
" P h i l i p s H F A l k y la t i o n P r o c e s s f o r A l k y l a t i o n
o f C 3 , C 4 , a n d C 5 O Xe& n s ,
" H a n d b o o k of P e t r o l e u m R efi n i n g P r o c e s s e s , M e y e r s ,
R
.
A
. , e d . . C h e m i c a l P r o c e s s T e c h n o l o g y H a n d b o o k Se ri e s , M c G r a w - H i ll B o o k
C o mp a n y , N e w Y o r k , 1 9 8 6
3 2 . I n f a n t e
,
P F
,
R i n s k y , R . A . , W a g o n e r , J K . , a n d Y o u n g , R . J . , " L e u k a e m i a i n
B e n z e n e Wo r k e r s
,
"
L a n c e t , V o l 2 , N o . 8 0 2 8 , p p . 7 6 - 7 8 , 1 9 7 7 .
3 3 . I n t e r n a t i o n a l A g e n c y fo r R e s e a r c h o n C a n c e r (l A R C ), " C r u d e O il , " I A R C
Mo n o g r ap h s o n t h e E v a l u a t i o n of C a r c i n o g e n i c R i s k s t o H u m a n s : O c c u p a t i o n a l
E x p o s u r e s i n P e t r o l e u m R efi n i n g ; C r u d e O i l a n d M aj o r P e t r o l e u m F u e l s , V o l .
4 5
, p p . 1 19 - 15 8 ( 19 8 9) .
3 4 . I n t e r n a t i o n a l A g e n c y fo r R e s e a r c h o n C a n c e r (l A R C ), " O c c u p a t i o n a l E x p o s u r e s i n
P e t r o l e u m R e fi n i n g ,
"
l A R C M o n o g r ap h s o n t h e E v a l u a t i o n o f C a r c i n o g e n i c R i s ks
t o H u m a n s : O c c u p a t i o n a l E x p o s u r e s i n P e t r o l e u m R efi n i n g ; C r u d e O i l a n d
Maj o r P e t r o l e u m F u e l s . V o l 4 5 , p p . 3 9 - 1 17 ( 19 8 9) .
3 5 K a u p p i n e n , T a n d P a r t a n e n , T . ,
" U s e o f P l a n t - a n d P e ri o d - S p e c i fi c J o b - E x p o s u r e
M a t ri c e s i n S t u d i e s o n O c c u p a t i o n a l C a n c e r ,
"
Sc a n d i n a v i a n J o u r n a l o f Wo r k ,
E n v i r o n m e n t
,
a n d H e a l t h
,
V o l . 1 4
, p p . 1 6 1 - 1 6 7 ( 19 8 8 ) .
3 6 K i n g , R . W . ,
"
A u t o m o t iv e G a s o l i n e : I t s C o m p o s i t io n a n d M a n u f a c t u r e - P a s t ,
P r e s e n t
,
a n d F u t u r e
,
"
J o u r n a l of E x p o s u r e A n a ly s i s a n d E n v i r o n m e n t a l
E p i d e m i o l o g y , V o l . 2 , p p 9 - 2 2 ( 19 9 2 ) .
3 7 . L a n i e r
,
M . E .
,
e d .
.
A n n a l s of t h e A m e r i c a n C o n f e r e n c e o f G o v e r n m e n ta l I n d u s t r i a l
H y g i e n i s t s , Vo l u m e 9 : Th r e s h o l d L i m i t Va l u e s - D i s c u s s i o n a n d Th i r ty - fi v e Ye a r
I n d e x w i t h R e c o m m e n d a t i o n s , A m e ri c a n C o n f e r e n c e o f G o v e r n m e n t a l I n d u s t ri a l
H y g i e n i s t s , C i n c i n n a t i , O H ( 19 84 )
3 9
3 8 . L il i s
,
R .
,
D a u m
,
S.
,
A n d e r s o n
,
H .
,
A n d r e w s
,
G .
,
a n d S e li k o fl ^ I . J . , " A s b e s t o s i s
A m o n g M a i n t e n a n c e W o r k e r s in t h e Ch e m i c a l I n du s t r y a n d in O i l R e fi n e r y
W o r k e r s
,
" l A R C Sc i e n t if i c P u b l i c a t i o n s . V o l . 3 0 , p p . 7 9 5 - 8 10 ( 19 8 0 ) .
3 9
.
L i t t l e , D . M . , " T h e C a t a l y s t ,
"
C h a p t e r 4 , C a t a ly t i c R ef o r m i n g , P e n n W e l l
P u b l i s hi n g C o m p a n y , T u l s a , 19 8 5 , p p . 4 0 - 72 .
4 0 . M c C r a w
,
D . S .
,
J o y n e r , R . E . , an d C o l e , P . ,
" E x c e s s L e u k e m i a i n a R e fi n e r y
P o p u l a t i o n ,
" J o u r n a l of O c c u p a t i o n a l M e d i c i n e , V o l . 2 7 , N o . 3 , p p . 2 2 0 - 2 2 2
( 19 8 5 ).
4 1
. M e h h n a n , M . A . , " D a n g e r o u s a n d C a n c er - C a u s in g P r o p e r t i e s o f P r o d u c t s a n d
C h e m i c a l s i n t h e O il - R e fi n i n g a n d P e t r o c h e m i c a l I n du s t r i e s , P a r t I X : A s b e s t o s
E x p o s u r e s a n d A n a l y s i s o f E x p o s u r e s ,
" A n n a l s of t h e N e w Yo r k A c a d e my of
Sc i e n c e s , V o l . 6 4 3 , p p . 3 6 8 - 3 8 9 ( 19 9 1).
4 2
.
M e y e r s , R . A . , e d . . H a n d b o o k of P e t r o l e u m R ef i n i n g P r o c e s s e s , C h e m i c a l P r o c e s s
T e c h n o l o gy H a n d b o o k S e r i e s , N ew Y o r k , M c G r a w - H il l B o o k C o m p a n y , 19 8 6 .
4 3 . M o w r y , J . R . ,
"
U O P I s o m a r P r o c e s s f o r X y l e n e I s o m e ri z a t i o n ,
" H a n d b o o k o f
P e t r o l e u m R ef i n i n g P r o c e s s e s , M e y e r s , R . A . , e d . , C h e m i c a l P r o c e s s T e c h n o l o g y
H a n d b o o k S e r i e s , M c G r a w - H i l l B o o k C o m p a n y , N e w Y o r k , 1 9 86 .
4 4 . M o w r y , J . R . ,
" U O P So r b e x Se p a r at i o n s T e c hn o l o g y ,
" H a n d bo o k of P e t r o l e u m
R ef i n i n g P r o c e s s e s , M e y e r s , R . A . , e d . . C h e m i c a l P r o c e s s T e c hn o l o gy H a n db o o k
Se ri e s
,
M c G r a w - H i ll B o o k C o mp a n y , N e w Y o r k , 19 8 6 .
4 5 . M o w r y , J . R . ,
"
U O P T h e r m a l H y d r o d e a lk y l a t i o n P r o c e s s ,
" H a n d b o o k o f P e tr o l e u m
R ef in i n g P r o c e s s e s , M e y e r s , R . A . , e d . . C h e m i c a l P r o c e s s T e c h n o l o g y H a n d b o o k
Se ri e s
,
M c G r a w - EGll B o o k C o m p a n y , N e w Y o r k , 19 8 6 .
4 6 . N e l s o n
,
N . A .
,
B a r k e r
,
D . M .
,
V a n P e e n e n
,
P . F . D .
,
a n d B l a n c h a r d
,
A . G .
,
" D e t e r m i n i n g E x p o s u r e C a t eg o ri e s f o r a R e fi n e r y R et r o sp e c t i v e C o h o r t M o r t a l i t y
St u d y ,
"
A m e r i c a n I n d u s t r i a l Hy g i e n e A s s o c i a t i o n J o u r n a l , V o l . 4 6 , N o . 1 1, p p .
6 5 3 - 6 5 7 ( 19 8 3) .
4 7 . N e l s o n
,
N . A .
,
V a n P e e n e n
,
P . F . D .
,
a n d B l a n c h a r d
,
A . G .
,
" M o r t a l i t y i n a R e c e n t
O il R e fi n e r y C o h o r t ,
" J o u r n a l o f Oc c u p a t i o n a l Me d i c i n e . V o l . 2 9 , N o . 7 , p p . 6 10-
6 12 ( 1 9 8 7) .
4 8 . N e l s o n , W . L . , P e tr o l e u m R efi n er y E n g i n e er i n g , 2 n d e d . . C h e m i c a l E n g in e e r i n g
Se ri e s
,
M c G r a w - H i ll B o o k C o m p a n y , N e w Y o r k , 19 4 1.
4 0
4 9
.
N o e l , H . M . , P e t r o l e u m R ef i n e r y Ma n u a l , R e i n h o l d P u bl i s h in g C o r p o r a t io n , N e w
Y o r k
,
1 9 5 9 .
5 0 . O c c e li i
,
M . L . a n d A n t h o n y , R . G . , e d s . , Hy dr o t r e a ti n g C a t a ly s ts : P r e p a r a ti <m ,
C ha r a c t e r i z a t i o n
,
a n d P e r f o r m a n c e , St u d i e s i n Su r fa c e Sc i e n c e a n d C a t a ly s t s ,
V o l . 5 0
,
P r o c e e d in g s o f t h e A n n u a l I n t e r n a t i o n a l A I C hE M e e t in g , W a s h i n g t o n ,
D C
,
N o v e m b e r 2 7 - D e c e m b e r 2
,
1 9 8 8
,
E l s e v i e r Sc i e n c e P u b li sh e r s B V
,
N e w Y o r k
,
19 8 9 .
5 1. O il
,
C h e m i c a l
,
a n d A t o m i c W o r k e r s I n t e r n a t i o n a l U n i o n (O C A W I U ) , L o c a l 4 - 2 3 ,
M e e t i n g w i t h C u r r e n t a n d R e t i r e d W o r k e r s fr o m t h e St a r E n t e r p r i s e P o r t A r t h u r
C o m p l e x , P o r t A r t h u r , T X (A u g u s t 15 , 1 9 9 5) .
5 2 . O il , C h e m i c a l , a n d A t o m i c W o r k e r s I n t e r n a t i o n a l U n i o n (O C A W I U ) , L o c a l 4 - 2 3 ,
M e e t i n g w i t h C u r r e n t a n d R e t i r e d W o r k e r s fr o m C l a r k
'
s P o r t A r t h u r R e fi n e r y ,
P o r t A r t h u r
,
T X (A u g u s t 16, 19 9 5) .
5 3 . O i l
,
C h e m i c a l
,
a n d A t o m i c Wo r k e r s I n t e r n a t i o n a l U n i o n (O CA W I U ) , L o c a l 4 - 2 4 3 ,
M e e t i n g w i t h C u r r e n t a n d R e t i r e d W o r k e r s fr o m M o b i l
'
s B e a u m o n t R e fi n e r y ,
B e a u m o n t
,
T X (A u g u s t 14 , 19 9 5) .
54 . O H 2 6 I n du s t r i a l H y g i e n e Su b c o m m i t t e e , A m e r i c a n P e t r o l e u m I n s t i t u t e (A P I ),
"
J o b C o d e C l a s s i fi c a t i o n Sy s t e m , P a r t 11: P r o d u c t i o n O p e r a t i o n s a n d
M a r k e t in g/ T r a n sp o r t a t i o n O p e r a t i o n s ,
" A m e r i c a n P e t r o l e u m I n s t it u t e
,
W a s hi n g t o n , D C (Se p t e m b e r , 1 9 8 5) .
5 5 . P l a t o
,
N . a n d St e n i c k
,
G .
,
" M e th o d o l o g y a n d U t i l i t y o f a Jo b E x p o s u r e M a t r ix ,
"
A m e r i c a n J o u r n a l o f I n d u s t r i a l Me d i c i n e , V o l 2 3 , p p . 4 9 1 - 5 02 ( 19 9 3 ) .
56 . P o o l e
,
C
,
S a t t e r fi e l d
,
M . H .
,
L ev i n e
,
L
. ,
R o th m a n
,
K . J .
,
a n d D r e y e r , N . A . ,
" A
C a s e - C o n t r o l St u d y o f K i dn e y C a n c e r A m o n g P e t r o le u m R e fi n e r y W o r k e r s ,
"
A m e r i c a n P e t r o l e u m I n s t i t u t e , H e a l t h a n d E n v ir o n m e n t a l Sc i e n c e s D e p a r t m e n t ,
A P I P u b li c a t i o n N u m b e r 4 5 04 (Ja n u a r y 19 90 ) .
5 7 . P u j a d o , P . R . , " U O P C a t a l y t i c C o n d e n s a t i o n P r o c e s s f o r C u m e n e M a n u f a c t u r e ,
"
H a n d b o o k of P e t r o l e u m R ef i n i n g P r o c e s ^ s , M e y e r s , R . A . , e d . . C h e m i c a l P r o c e s s
T e c h n o l o g y H a n db o o k Se r ie s , M c G r a w - H il l B o o k C o m p a n y , N e w Y o r k , 19 8 6 .
5 8 . R o s a t i
,
D .
,
" U O P B u t a m e r P r o c e s s
,
" H a n d b o o k of P e t r o l e u m R ef i n i n g P r o c e s s e s ,
M e y e r s , R . A . , e d . . C h e m i c a l P r o c e s s T e c h n o l o g y H a n d bo o k S e ri e s , M c G r a w - I B l i
B o o k C o m p a n y , N e w Y o r k , 19 8 6 .
4 1
5 9 . R o s e n m a n
,
K . D .
,
" A s b e s t o s - R e l a t e d X - R a y C h a n g e s A m o n g R e fi n e r y Wo r k e r s .
"
(T h e a u t h o r i s a fi fi l i a t e d w it h M i c hi g a n St a t e U n i v e r s it y a s a n A s s o c i a t e P r o f e s s o r
o f M e d i c i n e . )
6 0 . R u sh t o n
,
L . a n d A l d e r s o n
,
M . R .
,
" A C a s e - C o n t r o l St u dy t o I n v e s t ig a t e t h e
A s s o c i a t i o n B e t w e e n E x p o s u r e t o B e n z e n e a n d D e a t h s fi
'
o m L e u k a e m i a i n O il
K QEn e r y
"
W o r k e r s " B ri ti s h J o u r n a l of C a n c e r . V o l . 4 3 , N o . 1, p p . 7 7 - 8 4 ( 19 8 1) .
6 1. S a l a z a r , J . R .
" U O P T h e r m a l P r o c e s s e s
,
" H a n d b o o k of P e t r o l e u m R ef i n i n g
P r o c e s s e s , M e y e r s , R . A . , e d . . C h e m i c a l P r o c e s s T e c hn o l o g y H a n d bo o k Se r i e s ,
M c G r a w - H il l B o o k C o m p a n y , N ew Y o r k , 19 8 6 .
6 2
. SA S V e r s i o n s 6 . 10 - 6 . 1 1, SA S I n s t i t u t e , I n c . , G a r y , N C .
6 3 . S a x
,
N . I .
,
a n d L e w i s
,
Sr .
,
R . J .
,
H a w l e y
'
s C o n d e n s e d C h e m i c a l D i c ti o n a r y , 1 1t h
e d .
,
V a n N o s t r a n d R e i n h o l d C o m p a n y , N e w Y o r k , 19 8 7 .
6 4 . S h a h
,
B . R .
,
"
U O P H F A l k y l a t i o n
"
,
H a n d b o o k o f P e t r o l e u m R ef i n i n g P r o c e s s e s ,
M e y e r s , R . A . , e d . . C h e m i c a l P r o c e s s T e c hn o l o gy H a n d b o o k Se ri e s , M c G r a w - E Ql l
B o o k C o m p a n y , N e w Y o r k , 19 8 6 .
6 5
. S c h r a d e r , G . L . , a n d E k m a n , M . E . ,
" C h e v r e l P h a s e H D S C a t a l y s t s : St r u c t u r a l a n d
C o m p o s i t i o n al R e l a t i o n sh i p s t o C at a l y t i c A c t i v i t y ,
" Hy dr o t r e a ti n g C a t a ly s ts :
P r e p a r a ti o n , Ch a r a c t e r iz a t i o n , a n d P e rf o r m a n c e , O c c e l li , M . L . a n d A n t h o n y ,
R . G .
,
e d s .
.
St u d i e s in Su r f a c e Sc i e n c e a n d C a t a ly s t s , V o l . 5 0 , P r o c e e di n g s o f t h e
A n n u al I n t e r n a t i o n a l A I Ch E M e et i n g , Wa sh in gt o n , D C , N o v e m b e r 2 7 - D e c e m b e r
2
,
19 8 8
,
E l s e v i e r S c i e n c e P u b l i sh e r s B V , N e w Y o r k , 19 8 9 .
6 6 . Si eb e r
,
J r .
,
W . K .
,
Su n d i n
,
D . S .
,
F r a z i e r
,
T . M .
,
a n d R o b in s o n
,
C . F .
,
"
D e v e l o p m e n t ,
U se
,
a n d A v ai l a b il i t y o f a Jo b E x p o s u r e M at ri x B a s e d o n N a t i o n a l O c c u p a t io n a l
H az a r d Su r w e y T) dX?i ^
^ A m e r i c a n J o u r n a l of I n d u s t r i a l Me d i c i n e , V o l . 2 0 , pp . 16 3 -
1 7 4 ( 1 9 9 1) .
6 7
. Si e m i a t y c k i , J . , D e w ar , R . , a n d R i c h ar dso n , L . ,
"
C o s t s a n d St a t i s t i c a l P o w e r
A s s o c i a t e d w i t h F i v e M e th o d s o f C o l l e c t i n g O c c u p a t i o n a l E x p o s u r e I n f o r m a t i o n
f o r P o p u l a t i o n - B a s e d C a s e - C o n t r o l St u d i e s ,
" A m e r i c a n J o u r n a l of Ep i d e m i o l o g y ,
V o l . 13 0
,
N o . 6
, p p 12 3 6 - 12 4 6 ( 19 8 9 ) .
6 8 . St a r E n t e r p ri s e P o rt A rt hu r C o mp l e x , P r o c e s s Saf e ty Ma n a g e m e n t : P r o c e s s
Ov e r v i e w H a n d b o o k
,
St a r E n t e r p ri s e , P o rt A rt h u r , T X , 19 94 ,
4 2
6 9 . St a r E n t e r p ri s e s P o rt A rt h u r C o m p l e x ,
"
O p e r a ti n g U n it s C o n s t r u c t e d a t P A P ,
"
c o py f u r n i s h e d t o O il , C h e m i c al , a n d A t o m i c Wo r k e r s I n t e rn a t i o n a l U n i o n , L o c a l
4 - 2 3 (A p ri l 2 6, 19 9 6 ).
7 0 . St ew a r t
,
P . A a n d St e w a rt
,
W . F . , " O c c u p a ti o n a l C a s e C o n t r o l St u d i e s : n .
R e c o m m e n d a t i o n s f o r E x p o s u r e A s s e s s m e n t ,
" A m e r i c a n J o u r n a l o f I n d u s t ri a l
Me d i c i n e
.
V o l . 2 6
, p p . 3 1 3 - 3 2 6 ( 19 9 4 ) .
7 1 . St ew a rt
,
W . F . a n d St ew a rt
,
P . A
,
"
O c c u p a ti o n a l C a s e - C o n t r o l St u d i e s : I .
C o l l e c t i n g I n f o r m a t i o n o n Wo r k H i s t o ri e s a n d W o r k - R e l a t e d E x p o s u r e s ,
"
A m e r i c a n J o u r n a l of I n d u s t r i a l Me d i c i n e . V o l . 2 6 , p p . 2 9 7 - 3 12 ( 19 9 4 ) .
7 2 . T a b e r sh a w O c c u p a t i o n a l M e d i c i n e A s s o c i a t e s , P . A ,
"
J o b C o d e C l a s s i fi c a t i o n
Sy s t e m , l
* a rt I : P e t r o l e u m R e fi n e ri e s a n d S e l e c t e d P e t r o c h e m i c a l O p e r a t i o n s ,
"
C o n t r a c t N u m b e r O H - 1 l B - T OM A - 4 3 7 , A m e ri c a n P e t r o l e u m I n s ti t u t e ,
Wa s h i n g t o n , D C (D e c e m be r , 19 7 9 ) .
7 3 . T a jb l , D . G . ,
" U O P C a t a l y t i c C o n d e n s a ti o n P r o c e s s f o r T r a n s p o rt a t i o n F u e l s ,
"
H a n d b o o k of P e t r o l e u m R ej i n i n g P r o c e s s e s , M e y e r s , R . A , e d . , C h e m i c a l P r o c e s s
T e c h n o l o g y H a n d b o o k Se ri e s , M c G r a w - H il l B o o k C o m p a n y , N ew Y o r k , 19 86 .
7 4 . T aj b l , D . G . ,
" U O P F l u i d C a t a l y t i c C r a c k i n g P r o c e s s ,
" H a n d b o o k o f P e t r o l e u m
R ef i n i n g P r o c e s s e s , M e y e r s , R . A . , e d . . C h e m i c a l P r o c e s s T e c h n o l o g y H a n d b o o k
Se ri e s
,
M c G r a w - H i l l B o o k C o m p a n y , N e w Y o r k , 19 86 .
7 5 . T e x a c o
,
"
I n d u s t ri a l H yg i e n e L o g 6 / 2 9 / 72 - 12 / 2 1 / 7 6
" f o r P o rt A rt h u r R e fi n e r y ,
p h o t o c o p y p r o v i d e d by St a r E n t e r p ri s e s t o O il , C h e m i c a l , a n d A t o m i c W o r k e r s
I n t e r n a t i o n a l U n i o n
,
L o c a l 4 - 2 3 (J u n e 15 , 19 9 5 ).
7 6 . T e x a c o a n d St ar E n t e r p ri s e s , I n du s t ri a l H yg i e n e M o n i t o r i n g D a t a fr o m 19 7 7 -
P r e s e n t f o r P o rt A rt h u r R e fi n e r y , M i c r o s o ft A c c e s s D a t a b a s e f o r m a t , p r o \ dd e d b y
S t a r E n t e r p ri s e s t o O il , C h e m i c a l, a n d A t o m i c W o r k e r s I n t e r n a t i o n a l U n i o n , L o c a l
4 - 2 3 (Ju n e 1 5 , 19 9 5 ).
7 7
.
T e x a c o a n d St a r E n t e r p ri s e s , S e n i o ri t y R e c o r d s f o r P o rt A rt hu r R e fi n e r y , 19 4 8 ,
19 5 3
,
19 6 7
,
19 7 1
,
19 72
,
19 7 9
,
19 8 0
,
19 83
,
19 84
,
19 8 8
,
19 9 2
,
a n d 19 9 4
,
R e v i e w e d at O CA W I U L o c a l 4 - 2 3
,
P o rt A rt hu r
,
T X (Ja n u a r y 4 - 6 , 1 9 9 5) . (T h e
T e x a c o P o rt A rt hu r R e fi n e r y w a s p u r c h a s e d b y St a r in t h e m i d - 19 8 0
'
s . )
7 8
.
T h o m a s , T . L . , Wa x w e il e r , R . J . , C r a n d a ll , M . S . , Wh i t e , D .W . , M o u r e - E r a s o , R . ,
a n d F r a u m e n i
,
J . F .
,
"
C a n c e r M o rt a li t y P a t t e r n s by W o r k C a t e g o r y i n T h r e e T e x a s
O U R e Gn e i i Q s
" A m e r i c a n J o u r n a l of I n d u s t ri a l Me d i c i n e , V o l . 6 , p p . 3 - 1 6 ( 19 84 ) .
4 3
7 9 T h o m a s
,
T L .
,
Wa x w e i l e r
,
R J .
,
M o u r e - E r a s o
,
R ,
,
I t a y a , S . , a n d F r a u m e n i , J . F . ,
" M o r t a l it y P a t t e r n s A m o n g W o r k e r s i n T h r e e T e x a s O i l R e fi n e r i e s ,
"
J o u r n a l of
O c c u p a t i o n a l Me d i c i n e , V o l 2 4 , N o . 2 , p p . 1 3 5 - 1 4 1 ( 19 8 2 ) .
8 0 . T s a i , S . P . , W e n , C M . , We i s s , N . S . , W o n g , O . , M c C l e Ua n W . A . a n d G ib s o n , R . L ,
" R e t r o s p e c t i v e M o r t a l i t y a n d M e d i c a l Su r v e il l a n c e St u di e s o f W o r k e r s in B e n z e n e
A r e a s o f R e fi n e r i e s
,
" J o u r n a l o f O c c u p a ti o n a l M e d i c i n e , V o l . 2 5 , N o . 9 , pp . 6 8 5 -
6 9 2 ( 1 9 8 3) .
8 1 V a n d e r v o r t , R . ,
" S a f e t y I n f o r m a t io n P r o fi l e : P e t r o l e u m R e fi n e r y T u r n a r o u n d ,
"
P r e p a r e d f o r N I O SH , D i v i s i o n o f S a f e t y R e s e a r c h b y R a d i a n C o r p o r a t i o n , S a lt
L a k e C i t y , U T (A p r i l 1 9 7 9) .
8 2 Wa d e , L r , " O b s e r v a t i o n s o f Sk i n C a n c e r A m o n g R e fi n e r y Wo r k e r s ,
" A r c h i v e s of
E n v i r o n m e n t a l H e a l th
,
V o l . 6
, p p 4 4 - 4 9 ( 19 6 3 ).
8 3 . W i e s z m a n n , J A ,
"
U O P P e n e x P r o c e s s ,
"
H a n db o o k of P e t r o l e u m R ef i n i n g
P r o c e s s e s
,
M e y e r s , R . A . , e d , C h e m i c a l P r o c e s s T e c hn o l o g y H a n d b o o k Se ri e s ,
M c G r a w - H il l B o o k C o m p a n y , N ew Y o r k , 19 8 6 .
8 4 W o n g , O . A n d T r e n t , L . ,
"
A N e s t e d C a s e - C o n t r o l St u dy o f K i d n e y C a n c e r ,
L e u k e m i a , a n d M u l t i p l e M y e l o m a in a C o h o r t o f L a n d - B a s e d T e r m i n a l W o r k e r s
E x p o s e d t o G a s o l in e in t h e P e t r o l e u m I n d u st r y ,
"
(P r e p a r e d fo r A m e ri c a n
P e t r o l e u m I n s t it u t e
,
W a sh i n gt o n , D C ), E N SR H e a lt h Sc i e n c e s , D o c . N o . 0 3 0 0 -
0 15 - 0 1 5
,
A l a m e d a
, C A (S e p t e mb e r 1 9 9 3 ).
4 4
A p p e n d i x A : S a m p l e C o r r e s p o n d e n c e w i t h R e fl n e r i e s
I t e m s i n c l u d e d a r e l i st e d b e l o w i n t h e o r d e r i n w hi c h t h e y a p p e a r .
1 . L e t t e r fr o m A n t h o n y G u i l l o r y , O CA WI U L o c a l 4 - 2 4 3 t o T o m M o e l l e r , M o b il O il
C o r p o r a t io n , B e a u m o n t , T X (Ju n e 5 , 19 9 5) . (L e t t e r s p r a c t i c a ll y i d e n t i c a l t o t h i s
w e r e s e n t fr o m O C A W I U L o c a l 4 - 2 3 in P o r t A r t hu r t o t h e P o r t A r t hu r r e fi n e r i e s
b e l o n g in g t o t h e St a r a n d C l a r k c o m p a n i e s . )
2 . L e t t e r fr o m T M . M o e ll e r o f M o b i l O i l i n B e a u m o n t t o R . J . H i d a l g o o f O CA W I U
L o c a l 4 - 2 4 3
,
B e a u m o n t
,
T X (Ju n e 2 3 , 19 9 5) .
3 . L e t t e r fr o m K . R . H a l l o f St a r E n t e r p ri s e i n P o r t A r t hu r , T X t o J e r r y Sp a r k s o f
O CA WI U L o c a l 4 - 2 3
,
P o r t A r t h u r (J u n e 1 5, 19 9 5) .
4 5
OCA W
O il , C h e m ic a l & A t o m i c W o r k e r s
I n t e r n a t i o n a l U n i o n , A F L - C I O
J u n e 5 , 1 9 9 5
B a a u m o n t L o c a l 4 - 2 4 3
2 4 9 0 So u t h 1 1 t h S t r a a t
B a a u m o n t ; T a x a x 7 7 7 0 1
4 0 9 / 8 4 2 - 3 9 6 2
^ t t ^
^ ^ ^ '
M r . T o m Mo e l l e r
Mo b i l O i l C o r p o r a t i o n
P . O . Bo x 3 3 1 1
Be a u m o n t , T X 7 7 7 0 4
De a r Mr . Mo e l l e r .
I n o r d e r t o f u l l y a n d f a i r l y r e p r e s e n t t h e b a r g a i n i n g u n i t e m p l o y e e s o f L o c a l 4
-
2 4 3
,
. O i I , Ch e m i c a l a n d A t o m i c Wo r k e r s I n t e r n a t i o n a l Un i o n h e r e b y r e q u e s t s c o p i e s
o f t h e f o l l o w i n g i n f o r m a t i o n w i t h i n 1 5 da y s o f r e c e i p t o f t h i s l e t t e r .
D i s c l o s u r e t o t h e Un i o n o f t h i s m e d i c a l da t a a n d i n f o r ma t i o n c o n c e r n i n g
e m p l o y e e s
'
e x p o s u r e t o h a z a r d o u s ma t e r i a l s a n d c o n d i t i o n s w i l l f a c i l i t a t e t h e
i d e n t i f i c a t i o n o f w o r k p l a c e a n d h e a l t h h a z a r d s , p r o m o t e m e a n i n g f u l ba r g a i n i n g
c a l c u l a t e d t o r e m o v e o r r e d u c e t h o s e h a z a r d s , a n d e n a b l e t h e U n i o n t o p o l i c e
e f f e c t i v e l y t h e p e r f o r ma n c e o f t h e Em p l o y e r
'
s c o n t r a c t u a l o b l i ga t i o n s a n d t o
c a r r y o u t t h i s Un i o n
'
s o w n c o n t r a c t u a l r e s p o n s i b i l i t i e s a n d s t a t u t o r y d u t y o f
f a i r r e p r e s e n t a t i o n .
1 . F i r s t a n d f o r e m o s t
,
a n d a s p r o m p t l y a s p o s s i b l e , b u t i n n o e v e n t
l a t e r t h a n 1 5 d a y s f r o m t h e r e c e i p t o f t h i s l e t t e r , p l e a s e p r o v i d e
c o p i e s o f a l I e m p l o y e e e x p o s u r e r e c o r d s , i n c l u d i n g a l I e n v i r o n m e n t a l
(w o r k p l a c e ) m o n i t o r i n g r e s u l t s , a n d a l l b i o l o g i c a l m o n i t o r i n g
r e s u l t s .
2 . P l e a s e i n c l u d e i n t h e e mp l o y e e e x p o s u r e r e c o r d s , (a ) a l l i n d u s t r i a l
h y g i e n e m o n i t o r i n g d a t a f o r t o x i c s u b s t a n c e s a n d / o r ha r m f u l p h y s i c a l
a g e n t s t ha t e m p l o y e e s a r e c u r r e n t l y e x p o s e d t o , o r p o t e n t i a l l y
e x p o s e d t o ; a n d , ( b ) a l l r e s u l t s o f h i s t o r i c a l m o n i t o r i n g d a t a f r o m
p a s t i n d u s t r i a l h y g i e n e s u r v e y s , i n c l u d i n g a l i s t o f a l l t o x i c
s u b s t a n c e s o r h a r m f u l p h y s i c a l a g e n t s w h i c h h a v e b e e n m o n i t o r e d i n
t h e p a s t . Th i s w o u l d i n c l u d e p e r s o n a l mo n i t o r i n g d a t a a s w e l l .
3 . P l e a s e p r o v i d e d e a t h r e c o r d s f o r e m p l o y e e s a n d r e t i r e e s f r o m 1 94 3 t o
t h e p r e s e n t , i n c l u d i n g , i f a v a i l a b l e , d a t e a n d c a u s e o f d e a t h .
4 . P l e a s e p r o v i d e a p l a n t h i s t o r y , i n c l u d i n g c u r r e n t a n d h i s t o r i c a l
p l a n t l a y o u t s , d a t e o f c o n s t r u c t i o n a n d u s e o f v a r i o u s p r o c e s s
u n i t s , a n d ma n a g e m e n t t r a n s i t i o n s ( i n c l u d i n g p l a n t o w n e r s h i p ) .
5 . P l e a s e p r o v i d e h i s t o r i c a l p r o c e s s i n f o r ma t i o n , i n c l u d i n g , b u t n o t
l i m i t e d t o
,
t y p e s o f c a t a l y s t s u s e d a n d me t h o d s o f d i s t i l l a t i o n .
6 . P l e a s e p r o v i d e i n f o r ma t i o n c o n c e r n i n g li i s t o r i c a l s a f e t y a n d h e a l t li
p r o g r a m s , i n c l u d i n g b u t n o t l i m i t e d t o , p r o t e c t i v e e q u i pm e n t u s e d ,
c o n f i n e d s p a c e e n t r y p r o c e d u r e s , a n d l a s t l y , s u b s t i t u t i o n f o r
h a z a r d o u s m a t e r i a l s .
P l e a s e n o t e t h a t t h e t e r m
"
e m p l o y e e
"
a s s e t f o r t h a b o v e i s d e f i n e d a s a l l
b a r ga i n i n g u n i t e m p l o y e e s , i n c l u d i n g t h o s e w h o h a v e b e e n s e v e r e d b y v i r t u e o f
r e t i r e m e n t , r e s i g n a t i o n o r o t h e r c a u s e . A n y r i g h t s o f p r i v a c y t o w h i c h a n
e m p l o y e e m a y b e e n t i t l e d w i t h r e s p e c t t o e x p o s u r e r e c o r d s w i l l b e k e p t
c o n f i d e n t i a l b y t h e Un i o n .
S h o u l d t h e Co m p a n y c h a l l e n g e o r d i s p u t e i t s o b l i g a t i o n t o s u p p l y a n y p o r t i o n o f
t h e a b o v e - r e q u e s t e d i n f o r m a t i o n , o r h a v e l e g i t i ma t e qu e s t i o n s c o n c e r n i n g t h e
me a n i n g o f a n y p o r t i o n o f t h i s r e q u e s t , s u c h c h a l l e n g e s o r q u e s t i o n s do n o t
r e l i e v e t h e C o m p a n y o f i t s o b l i ga t i o n t o p r o v i d e t h e r e m a i n i n g p o r t i o n s o f t h i s
d a t a d e m a n d w i t h i n - t h e 1 5 - d a y p e r i o d f r o m t h e d a t e o f r e c e i p t o f t h i s l e t t e r .
I f f t e m s o f i n f o r m a t i o n a r e w i t h h e l d d u e t o a c l a i m o f c o n f i d e n t i a l i t y , p l e a s e
p r o v i d e a w r i t t e n d e s c r i p t i o n o f e a c h i t e m a n d t h e r e a s o n s f o r t h e c l a i m o f
c o n f i d e n t i a l i t y . S h o u l d t h e Co m p a n y h a v e a n y q u e s t i o n s a b o u t t h e me a n i n g o f a n y
p o r t i o n o f t h i s r e q u e s t , t h e Co m p a n y i s h e r e b y r e q u e s t e d t o r e d u c e s u c h q u e s t i o n s
t o w r i t i n g a n d p r o v i d e i t t o t h e U n i o n w i t h i n t h e 15 - d a y p e r i o d .
P l e a s e d i r e c t a l l r e p l i e s t o o u r i n d u s t r i a l h y g i e n i s t a n d e p i d e m i o l o g i s t
s p e c i a l i s t , J o h n D e m e n t , Ph . D . , C I H , A s s o c i a t e P r o f e s s o r , D u k e U n i v e r s i t y Me d i c a l
C e n t e r
,
D i v i s i o n o f O c c u p a t i o n a l a n d E n v i r o n m e n t a l M e d i c i n e , B o x 2 9 14 , D u r ha m ,
N o r t h Ca r o l i n a 27 7 10
, (9 1 9 ) 2 8 6 - 3 2 3 2 .
T h a n k y o u i n a dv a n c e f o r y o u p r o m p t a t t e n t i o n t o t h i s r e q u e s t .
V e r y t r u l y y o u r s ,
A n t h o n y T ^ Qu i I l o r y
P r e s i d e n t , X AW L o c a l 4 - 2 4 3
ARG/ g d d
c c : Ro b e r t E . Wa g e s , P r e s i d ie n t
R i c h a r d J . C h r i s t i e , D i r e c t o r , Gu l f C o a s t Re g i o n
L a r r y L . S a r t i n , I n t e r n a t i o n a l Re p r e s e n t a t i v e , D i s t r i c t 4
J o s e p h A . A n d e r s o n , A c t i n g D i r e c t o r He a l t h & Sa f e t y
M o b i l O i l C o r p o r a t io n P O a O X 3 3 1 1
B E A U M O N T TE X A S 7 7 7 0 4 - 3 3 11
T M MCj e L L E R J u n e 2 3 , 1 9 9 5
Re f i n e r y M a n a g e r
Be a u m o m Re fi n e ry
H A N D D E L IV E R ED
M r . R . J . H id a l go
O il , C h e m i c a l A to m ic W o r k e r s
In t e r n a t i o n a l U n i o n , A F L - C I O
B e a u m o n t L o c a l 4 - 2 4 3
2 4 9 0 S o u th 1 1 th Str e e t
B e a u m o n t . T X 7 7 7 0 1
D e a r M r . H i d a l g o :
T h i s l e t t e r a n d th e e n c l o s e d m a t e r i a l s c o n s t it u te M o b i l O i l C o rp o r a t io n
'
s r e s p o n s e to
O CA W s in fo r m a t i o n r e q u e s t d a t e d J u n e 5 , 1 9 9 5 , w h i c h w a s r e c e iv e d b y u s o n J u n e
7
,
1 9 9 5 . W e a r e c o m p ly i n g w it h th i s r e q u e s t in g o o d f a it h a n d t o t h e e x t e n t
r e a s o n a b ly p r a c t i c a b l e , b u t n o t e th a t t h i s e f fo r t h a s b e e n d if f i c u lt i n l i gh t o f th e
r e q u e s t
'
s la c k o f c l a r it y a n d u n r e a s o n a b l e s c o p e o n a n u m b e r o f m a t te r s .
T h e r e q u e s t , f o r e x a m p le , s e e k s i n f o rm a t i o n c o n c e r n i n g th e e n t ir e b a r ga i n in g u n it w o r k
f o r c e
, p a s t a n d p r e s e n t , a t M o b i l
'
s B e a u m o n t R e f in e r y w i th o u t s p e c i f y i n g r e a s o n a b l e
t im e p e r i o d s a n d w i th o u t i d e n t if y i n g s p e c i f i c o p e r a t i o n s o r a r e a s o f th e p l a n t N o r h a s
O CA W e x p la i n e d i n a n y s p e c if i c a n d m e a n i n g f u l w a y i ts n e e d f o r a n y o f th e r e qu e s t e d
in fo r m a t i o n s o a s to e n a b l e M o b il to u n d e r s ta n d w h a t le g it i m a te c o ll e c t iv e b a r ga i n in g
p u r p o s e i s s e r v e d b y th e r e q u e s t a n d t o e n a b l e M o b i l t o f o c u s it s s e a r c h f o r p o te n t i a l ly
r e s p o n s i v e d o c u m e n ts . A s a r e s u lt , t h e r e q u e s t is u n d u ly b u r d e n s o m e a n d h a s
r e q u ir e d M o b il t o s p e n d c o n s i d e r a b le t im e a n d e n e r gy i n te r p r e t i n g i t in a n e f fo r t to
c o m ply i n go o d f a it h . With t h e s e c o n s i d e r a t i o n s in m in d , o u r r e s po n s e s to e a c h it e m
o f th e i n f o r m a t i o n r e q u e s t a r e p r o v i d e d b e lo w . B e c a u s e o f th e l a c k o f c l a r it y a r o u n d
th e r e q u e s t s , it i s p o s s ib l e t h a t s o m e i n f o r m a t i o n p r o v i d e d m a y b e r e s po n s iv e to m o r e
th a n o n e r e q u e s t ; th e id e n t if i c a t i o n b e lo w s im p ly r e f l e c ts o u r be s t e f f o r t a t i n te ip r e t i n g
th e r e q u e s t s a n d li n k in g o u r r e s p o n s e to a s pe c if i c r e q u e s t
R e q u e s ts N o s . 1 a n d 2
T h e f o ll o w in g d o c u m e n t s a r e e n c l o s e d in r e s p o n s e t o t h i s r e q u e s t
E x h i b it 1 : R a d i a t io n d e v ic e le a k t e s t c e r ti f i c a te s ( 1 9 9 4 )
E x h i b it 2 : I n d u s t r i a l H y g i e n e e q u i p m e n t/ a r e a n o i s e d a t a (1 9 9 1 - 1 9 9 5 )
E x h i b it 3 : In d u s tri a l H y g i e n e p e r s o n a l m o n i to ri n g r e s u l ts ( 1 9 9 0 - 1 9 9 5 )
Ex h ib it 4 :
"
C ri t ic a l R e v i e w o f C a n c e r E pid e m io l o gy in Pe t r o l e u m In d u s t r y
Em pl o y e e s , Wi th a Q u a n t it a t iv e M e t a - A n a l y s i s b y C a n c e r S it e ,
"
-
1 9 8 9 A m e ri c a n J o u r n a l o f In d u s tri a l M e d i c i n e
T o t a l Q u a l it y
S t a rt s w it h SA F ETY
Ex h ib it 5
Ex h ib i t 6
E x h ib i t 7
E x h ib i t 8
E x h i b it 9
S t a t u s r e p o rt o f L e a d In d u s t ri a l H y g i e n e S tu d y
L e a d s u r v e il l a n c e p r o g r a m , B e a u m o n t R e f in e ry
L e a d a n d Z P P le v e l
M e d i c a l s u r v e i l l a n c e f o r o r g a n i c a n d i n o r g a n ic le a d
H is t o ri c a l e x p o s u r e d a ta , o r g a n ic a n d i n o r g a n ic l e a d , B e a u m o n t R e f i n e ry
Ex h ib it s 5 - 9 p e r ta in t o b i o lo g i c a l m o n i to ri n g . A n y a d d i t i o n a l b i o l o g i c a l m o n i to ri n g
in f o rm a t io n i s n o t m a in t a in e d b y M o b il in a w a y t h a t a l l o w s u s to r e a d il y r e s p o n d t o
y o u r r e q u e s t f o r d a t a p e r t a in i n g to O C AW r e p r e s e n t e d e m pl o y e e s a t th e B e a u m o n t
R e f i n e r y . I t w o u l d b e a n e x t r e m e l y b u r d e n s o m e a n d c o s t ly t a s k to id e n t ify th e
i n f o r m a t i o n s i n c e
,
t o t h e e x t e n t i t e x i s ts
,
it i s c o n ta i n e d in e a c h i n d iv i d u a l e m pl o y e e
'
s
m e d i c a l f i l e . If y o u c a n e x p la i n to u s i n m o r e d e ta i l th e p u r p o s e fo r w h i c h y o u s e e k
th i s in f o r m a t i o n , p e ri r a p s to g e th e r w e c a n d e t e m n in e a p r a c t i c a b le a n d e f f i c ie n t w a y t o
r e s o l v e y o u r r e q u e s t
Y o u s h o u l d n o t e t h a t s o m e o f t h i s i s r a w d a t a . R a w d a t a r e f l e c ts m e a s u r e m e n t s o f
l e v e ls o f v a ri o u s s u b s ta n c e s a s d e t e c t e d b y m e a s u ri n g e qu ip m e n t I t d o e s n o t r e f l e c t
a n y a c t u a l in d i v id u a l e m p l o y e e e x p o s u r e s , in p a r t b e c a u s e it d o e s n o t a c c o u n t fo r th e
u s e o f p e r s o n a l p r o t e c t iv e e q u i p m e n t
R e q u e s t N o . 3
In a c c o r d a n c e w it h A r t i c l e X IV
, S e c t i o n 1 2 , o f o u r c o l l e c t iv e b a r g a in i n g a g r e e m e n t ,
M o b i l r e g u l a ri y p r o v i d e s t o th e U n i o n i n f o rm a t i o n c o n c e r n i n g th e m o r b id it y a n d
m o r t a l ity o f it s p l a n t e m p lo y e e s . W e h a v e e n c l o s e d a d d i t i o n a l c o p ie s o f s a i d da t a t h a t
is r e a d i ly a v a i l a b l e i n o u r f i l e s a lth o u g h p r e v i o u s ly p r o v i d e d .
Ex h i b i t 1 0 : M o rb i d it y & M o r t a l ity S tu d i e s (1 9 8 9 - 1 9 9 4 )
R e q u e s t N o . 4
T o th e e x te n t t h a t w e u n d e r s ta n d t h is r e q u e s t w e h a v e i n c l u d e d Ex h ib i t 7 . If y o u .w il l
t e ll u s i n m o r e d e t a il th e p u r p o s e f o r w h i c h y o u s e e k th i s i n f o r m a t i o n , p e r h a p s w e c a n
b e t te r i d e n t if y s o m e th i n g th a t i s r e s p o n s iv e t o y o u r n e e d .
Ex h i b it 1 1 : B e a u m o n t R e f in e r y P l o t P l a n
R e q u e s t N o . 5
T h e f o l lo w i n g d o c u m e n t s a r e e n c l o s e d i n r e s po n s e t o t h i s r e q u e s t
Ex h ib it 1 2
Ex h i b it 1 3
Ex h i b it 1 4
S im pl if i e d P r o c e s s F l o w , B e a u m o n t R e f i n e ry , F u e ls Se c t i o n ( 1 9 9 5 )
Sim p lif i e d P r o c e s s F l o w , B e a u m o n t R e f in e ry , L u b e S e c t i o n ( 19 9 5 )
" M o b i l G u i d e t o H e a l th E ff e c t s o f R e f i n e r y S tr e a m s
"
R e q u e s t N o . 6
T h e f o l lo w i n g d o c u m e n ts a r e e n c l o s e d in r e s p o n s e t o th i s r e q u e s t
E x h ib i t 1 5 : M o b i l S a f e ty O p e r a t i n g P r o c e d u r e s - B e a u m o n t R e f i n e r y
We h o p e th a t th e a b o v e i n f o m i a t i o n a n d e n c l o s e d m a t e ri a ls a d d r e s s y o u r c o n c e r n s
a n d n e e d s . If y o u h a v e a n y q u e s t io n s c o n c e rn i n g th e a b o v e r e s p o n s e , k i n d ly d ir e c t
th e m t o W . L M il ls .
S i n c e r e ly ,
f ^ . / ^ - J ^
T . M . M o e l l e r
G e n e r a l M a n a g e r
o c a w m s p . s h d
E n c l o s u r e s
S t a r £ / 7 t e r p n s e
K e n n e t h R H a l l %T ^ P - B e x T i a
P l a n ; M a n a a e r
^
-m^ = : r A r . n u r T X 7 7 6 4 1 - 0 7 1 2
- i ; ? 9 3 5
"
0 0 1
F A X - : 0 9 9 8 9 7 7 7 4
H A N D D E L IV E R E D
J u n e 1 5 , 1 9 9 5
M r . J e r r y S p a r k s , C h a i r m a n W o r k m e n ' s C o m m it e e
O i l
,
C h e m ic a l a n d A t o m ic W o r k e r s
In te r n a t i o n a l U n i o n
,
L o c a l 4 - 2 3
1 5 0 0 J e f fe r s o n D r i v e
P o r t A r t h u r
,
T X 7 7 6 4 2
D e a r M r . Sp a r k s :
R e : R e q u e s t f o r H e a lt h a n d
S a f e ty In f o r m a t i o n
A t a c h e d i s a c o py o f t h e U n i o n
'
s r e q u e s t f o r i n f o r m a t i o n d a t e d M a y 3 0 , 1 9 9 5
f r o m M r . W i l l i a m R u e l le P a r k e r
,
S e c r e t a r y T r e a s u r e r , O i l , C h e m ic a l a n d A t o m i c
W o r k e r s In te r n a t io n a l U n io n
, A F L - C IO , Lo c a l N o . 4 - 2 3 . W e w i l l a t t e m p t to
c o m pl y w i th th e r e q u e s t to t h e e x te n t r e a s o n a b ly p r a c t i c a b l e . H o w e v e r , th e
r e q u e s t i s e x t r e m e l y b r o a d a n d u n d u ly b u r d e n s o m e , e s p e c i a ll y in s e e k i n g
i n f o r m a t i o n f o r t h e e n t i r e p l a n t f a c i l it i e s a n d w o r k fo r c e o v e r a n u n l im it e d p e r i o d
o f t im . e ; a n d s o m e o f t h e i n f o r m a t io n s o u g h t h a s d o u b tf u l r e le v a n c e to a n y
l e g it im a te c o l l e c t i v e b a r g a i n i n g p u r po s e . In a d d i t io n , th e r e q u e s t is v a g u e a n d
d o e s n o t s p e c if y w i th r e a s o n a b l e p a r t i c u l a r i ty th e r e c o r d s r e q u e s te d o r c l e a r ly
s p e c if y th e o c c u p a t i o n a l h e a lt h n e e d f o r g a i n in g a c c e s s t o th e s e r e c o r d s , s o w e
a r e c o m p e ll e d t o m a k e a r e a s o n a b le i n t e r p r e t a t i o n o f w t j a t r e c o r d s t h e u n i o n i s
r e q u e s t in g . S u b je c t to t h e s e c o n c e r n s a n d l im it a t i o n s , o u r r e s p o n s e s a r e l is t e d
b e lo w i n th e s a m e o r d e r a s r e q u e s t e d :
M r . J e r r y Sp a r k s
J u n e 1 5 , 1 9 9 5
P a g e 2
R e q u e s t s 1 a n d 2 :
T h e f o l lo w in g d o c u m e n t s a r e b e in g p r o v id e d :
E x h ib it # 1 In d u s t r ia l H y g ie n e l o g f r o m 6 / 2 9 /7 2 - 1 2 / 2 1 / 7 6
Ex h i b it # 2 D i s k e t t e o f in d u s t r i a l h y g i e n e m o n it o r i n g d a t a f r o m
1 9 7 7 - P r e s e n t
E x h i bi t # 3 R a d i o a c t iv e le a k - te s t c e r t if i c a t i o n s
E x h i b i t # 4 R a d i a t io n D o s i m e t r y R e p o rt f r o m 1 9 79 - 1 9 9 4
E x h i b it # 5 " In d u s t r i a l H y g i e n e Su r v e y R e p o rt f o r T e x a c o
'
s
T e r m i n a l L a b o r a t o r y , P o rt A rt h u r , T e x a s , M a y , 1 9 8 1
Ex h i b i t # 6 i n d u s t r i a l H y g i e n e S u r v e y R e p o rt f o r T e x a c o
'
s
L i th o g r a p h i n g a n d P l a t e m a k i n g Se c t i o n , Po rt A rt h u r ,
T e x a s
,
M a y , 1 9 8 1
E x h i b i t # 7 In d u s t r i a l H y g i e n e Su r v e y R e p o rt f o r T e x a c o
'
s M a i n
R e f i n e r y L a b o r a t o r y , P o rt A rt h u r , T e x a s , M a y , 1 9 8 1
E x h i b it # 8 In d u s t r i a l H y g i e n e S u r v e y R e p o rt f o r T e x a c o
'
s P o rt
A rt h u r , T e x a s , M a y , 1 9 8 1
We h a v e n o t e n c l o s e d b i o l o g i c a l m o n i t o r i n g r e c o r d s a t t h i s t im e
b e c a u s e th e u n io n
'
s l e t te r d o e s n o t s p e c if y w i th r e a s o n a b l e
p a rt i c u l a r ity w h a t s u b s t a n c e - s p e c if i c b i o lo g ic a l m o n it o r in g
r e c o r d s a r e b e i n g r e q u e s t e d a n d t h e o c c u p a t i o n a l h e a lt h n e e d f o r
a c c e s s t o s u c h r e c o r d s . If th e u n io n s e n d s u s a l e t t e r th a t c l e a r ly
s p e c i f i e s w h a t b i o l o g ic a l m o n i to r in g r e c o r d s a r e b e in g r e q u e s t e d
a n d t h e s p e c if i c o c c u p a t io n a l h e a l th n e e d f o r e a c h s u c h r e c o r d ,
w e w i l l e n d e a v o r to c o m p l y w it h s u c h a r e q u e s t
R e q u e s t 3 : T h e U n i o n h a s b e e n p r o v id e d , o n a n a n n u a l ba s i s , t h e m o rb id i ty
a n d m o rt a l ity e x pe r i e n c e o f th e e m p lo y e e s it r e p r e s e n t s . T h e s e
r e p o rt s s h o u l d s e r v e a s a r e f e r e n c e f o r th e i n fo r m a t i o n r e q u e s te d .
P e rt i n e n t t o q u e s t i o n 3 , i s a c o p y o f
"
T e x a c o M o rt a l i t y S tu d y ,
"
M a y , 1 9 8 3 , (E x h ib i t 9 ) . P o rt A rt h u r A r e a f a c i li t i e s w e r e i n c l u d e d in
t h i s s t u d y .
M r . J e r r y S p a r k s
J u n e 1 5 , 1 9 9 5
P a g e 3
R e q u e s t 4 : E x h i b i t 1 0 c o n t a i n s i n f o r m a t i o n t a k e n f r o m a 1 9 7 0 T e c h n ic a l
Em p lo y e e T r a i n in g M a n u a l t h a t i n c l u d e s t h e f o l l o w i n g h i s t o r ic a l
in f o r m a t i o n :
A . A l i s t i n g o f t h e la r g e s t o i l r e f in e r i e s
B . R e f i n e r y c a p a c it i e s - J a n u a r y 1 , 1 9 7 0 O i l a n d G a s J o u r n a l
P l a n t l a y o u t f o r P o r t A r t h u r P l a n t a n d P o r t N e c h e s P l a n t
Po r t A rt h u r P l a n t S ig n if ic a n t M i s c e ll a n e o u s F a c t s
C .
D .
E . F l o w o f P r o d u c ts t h r o u g h th e R e f i n e r y a n d H is t o r ic a l
In f o r m a t i o n
F . C o n s t r u c t io n o f v a r io u s p r o c e s s u n it s
G . A l i s t o f p l a n t m a n a g e r s
H . P l a n t o w n e r s h ip s ta te m e n t
R e q u e s t 5 : In f o r m a t io n c o n ta i n e d in o u r a n s w e r t o Q u e s t i o n 4 i s r e s p o n s i v e t o
h i s to r ic a l p r o c e s s i n f o r m a t i o n . A l s o i n c lu d e d a r e th e f o ll o w i n g
e x h i b it s :
Ex h ib it 1 1 C a t a l y s t U t i li z a t io n b y o u r v a r io u s p r o c e s s u n i t s
E x h i b it 1 2
" P l a n t O p e r a t i o n s T r a i n i n g M a n u a l
"
. T h i s m a n u a l
p r o v id e s a g o o d r e v ie w o f v a r io u s r e f i n in g o p e r a t i o n s
t y p ic a l o f P o rt A rt h u r P l a n t . M e t h o d s o f d i s t i ll a t i o n
a r e i n c l u d e d .
R e q u e s t 6 : T h e f o l l o w i n g e x h ib i t s a r e r e s p o n s iv e to Q u e s t i o n 6 :
Ex h ib i t 1 3
"
T e x a c o I n c . R e f i n in g D e pa rt m e n t S a f e t y R e f e r e n c e
M a n u a l
"
. 1 9 6 7
Ex h i b it 14
"
P o rt A rt h u r P l a n t Sa f e ty P r o c e s s M a n u a l
"
M r . J e r r y S p a r k s
J u n e 1 5
,
1 9 9 5
P a g e 4
E x h i b it 1 5
"
P r o c e s s S a f e ty M a n a g e m e n t P r o c e s s O v e r v i e w
H a n d b o o k
"
E x h i b it 1 6
"
En v i r o n m e n t a l
,
H e a lt h a n d S a f e ty P o li c y M a n u a l ■
Em p l o y e e H a n d b o o k
"
,
1 9 9 3
Ex h j b i t 1 7
"
P o r t A r t h u r P la n t In s t r u c t io n f o r Is s u i n g H o t W o r k
P e r m it , Sa f e Wo r k P e m i i t , E n t r y P e r m it
"
,
R e v is e d
J u l y , 1 9 9 4
Ex h ib i t 1 8 P o r t A r th u r P la n t
'
s O S H A V o l u n ta r y P r o te c t i o n
P r o g r a m a pp l i c a t io n
M r . L e e P o u lt e r
,
M a n a g e r o f H u m a n R e s o u r c e s a n d Q u a l it y , w i ll b e g la d t o m e e t
w i th y o u a n d d i s c u s s y o u r r e q u e s t a n d th e a b o v e r e s p o n s e s a t a m u tu a l l y
c o n v e n i e n t t im e .
Y o u r s v e r y t r u l y , .
ST A R E NT E R P R ISt
KR H -. c c n
E n c l o s u r e s
c c : (w it h o u t e x h i b it s )
W . R . Pa r k e r
.
O CA W
,
L o c a l 4 - 2 3
.
P o rt A rt h u r , T e x a s
J . L . P o u l te r
,
S ta r E n te r p r is e , P o rt A rt h u r , T e x a s
A p p e n d i x B : S a m p le W o r k s h e e t f o r F o c u s G r o u p M e e t i n g s w i t h C u r r e n t a n d F o r m e r W o r l c e r s
R e f in e r y : S t a r U n i t : P r o c e s s : M e t h o d / S p e c i f i c s :
0 1 2 0 c r u d e o il : A tm o s p h e r ic D i s t i l l a t i o n
D if e r e n c e b e t w e e n w i th d e s u lj i t ri z a t i o n a n d w i t h o u t o r be t w e e n l ig h t a n d d e ep t o p p i n g (s e p a r a t e c o d e s i n
A P I c l a s s ifi c a t i o n s y s t e m ) ?
U s e d ? Y / N D a t e s o f U s e :
D e s c r ip t i o n o f c h a n g e s in t h e f o l l o w i n g :
C h e m ic a l s u s e d : ( C a t a l y s t s , e t c )
E n g in e e r i n g c o n t r o l s :
P e r s o n a l P r o t e c t i v e E q u ip m e n t u s e d :
S p e c i fi c E x p o s u r e s :
(c r o s s o u t i f n o t a p p l i c a b l e , s t a r if o f g r e a t c o n c e r n (L e .
' ' H I ' * ))
C o k e (A P I I H MM - c r u d e d i s t i l l a t i o n )
C r u d e O i l (lA R C ,
"
c r u d e o i l d i s t i l l a t i o n a n d p r o c e s s u n i t s
"
)
E a r th (l AR C ,
"
c r u d e o i l fi l t r a t i o n
"
)
A l i p h a t i c h y d r o c a r b o n s (A P I - p r i m d i s t ; l A R C ,
"
m o s t p r o c e s s u n i t s
"
)
A r o m a t i c h y dr o c a r b o n s (A P I - p r i m d is t ; LAR C ,
"
m o s t p r o c e s s u n i t s
"
)
?A l i p h a t ic a m in e s , a lk an o a m in e s (Wi th d e s u lf u ri z a t i o n o n ly ?)
H 2 S , S u lf u r c o m p o u n ds (A t m D is t - l A R C , R a d i a n , A P I)
K e t o n e s (A t m D is t - l A R C , A tm d i s t - R a d ia n )
P h e n o l (C r u d e d i s t i l l a t i o n , d e s u lf u r i z a t i o n - l AR C)
P o ly n u c A r o m a t i c s (A t m D is t - LA R C)
A m m o n i a (A t m D is t - l AR C , A t m d is t - R a d ia n )
B e n z e n e (l A R C ,
"
a t m d i s t o f c r u d e o i l
"
, A t m d i s t - R a d i a n )
T o l u e n e (A tm D i s t - R a d i a n )
A r s e n i c c o m p o u n d s (LAR C ,
"
c r u d e o i l
"
)
C o p p e r A I ? ? (D e s u lf u r i z a t i o n - I A R C)
F u rJu r a l A 2 3 ? (D e s u l f u r i z a t i o n - I A R C)
L e a d A 3 4 ? (D e s u lf u r i z a t i o n - IA RC)
V a n a d i u m Co mp o u n ds A 5 8 (R e s id u a l fi t e l o i l s - LA R C) ?
X y le n e (R a d i a n - A t m d is t) ?
N o t e s :
M a j o r p r o b l e m s i n t h i s u n i t (L e . , fi r e , p ip e r u p t u r e , c a t a ly s t s p i l l , e t c ) :
M a j o r c h e m i c a l h a z a r d s :
O t h e r :
5 5
A p p e n d i x C : C o m p l e t e J E M D a t a F U e
C o l u m n s r e p r e s e n t U n i t , J o b (o n ly f o r U n i t 2 4 0 0 ), C o m p a n y , A g e n t C o d e , A g e n t N a m e ,
St a r t D a t e
,
E n d D a t e
,
C e r t d n t y , C o m m e n t s .
I n t h e C o m m e n t s s e c t i o n . R e f e r e n c e s a r e i n d i c a t e d b y n u mb e r s p r e c e d e d b y a n
" R " . T h e
n u mb e r s r e f e r t o t h e n u mb e r e d r e fe r e n c e l i s t f o r t h i s p a p e r (p a g e s 3 6 - 4 4 ) . L o n g
c o mm e n t s w r a p t o t h e n e x t l i n e .
T h e d a t a fi l e
,
"
j e m d a t 8 0 . d a t
"
i s a l s o f o u n d o n t h e di s k e t t e i n c l u d e d a t t h e e n d o f t hi s
r e p o r t .
5 6
1 0 0
1 0 0
1 0 0
l O O
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
l O O
l O O
1 0 0
1 0 0
1 0 0
1 0 0
H 2 S
1 0 0
H 2 S
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
1 1 0
G A 1 2 C h l o r i n e i C h l o r i d e s
S A 1 2 C h l o r i n e t C h l o r i d e s
G A 1 6 C o k e
S A 1 6 C o k e
G A 1 7 C o p p e r , C u c o m p o u n d s
S A 1 7 C o p p e r , C u c o m p o u n d s
G A 1 8 C r u d e O i l
S A 1 8 C r u d e O i l
G A 2 1 E a r t h
S A 2 1 E a r t h
A 2 3 F u r f u r a l
A 2 3 F u r f u r a l
A 2 6 A l i p h a t i c h y d r o c a r b o n s
A 2 6 A l i p h a t i c h y d r o c a r b o n s
A 2 7 A r o m a t i c h y d r o c a r b o n s
A 2 7 A r o m a t i c h y d r o c a r b o n s
A 3 A l i p h a t i c a m i n e s , a l k a n o a m i n e s
G
S
G
S
G
S
G
( R 2 5 )
S A 3 A l i p h a t i c a m i n e s , a l k a n o a m i n e s
( R 2 5 ) ; R 6 8 -
" C r u d e Un i t s "
G A 3 1 H 2 S , S u l f u r c o mp o u n d s
S A 3 1 H2 S , S u l f u r c o mp o u n d s
G A 3 3 K e t o n e s
S A 3 3 K e t o n e s
G A 3 4 L e a d ( i n o r g a n i c c o m p o u n d s )
S A 3 4 L e a d ( i n o r g a n i c c o m p o u n d s )
G A 4 0 N i c k e l
S A 4 0 N i c k e l
G A 4 3 Ph e n o l
S A 4 3 P h e n o l
G A 4 8 P o l y n u c A r o m a t i c s
S A 4 8 Po l y n u c A r o m a t i c s
G A 5 A mm o n i a
S A 5 A i ra n o n i a
G A 5 8 V a n a d i u m C o mp o u n d s
S A 5 8 V a n a d i u m C o mp o u n d s
G A 5 9 Z i n c
S A 5 9 Z i n c
G A 7 A r s e n i c c o mp o u n d s
S A 7 A r s e n i c c o mp o u n d s
S A 8 A s b e s t o s
G A 1 2 C h l o r i n e { C h l o r i d e s
S A 1 2 C h l o r i n e i C h l o r i d e s
G A l B C r u d e O i l
S A 1 8 C r u d e O i l
G A 2 6 A l i p h a t i c h y d r o c a r b o n s
S A 2 6 A l i p h a t i c h y d r o c a r b o n s
G A 2 7 A r o m a t i c h y d r o c a r b o n s
S A 2 7 A r o m a t i c h y d r o c a r b o n s
G A 3 1 H 2 S , S u l f u r c o mp o u n d s
S A 3 1 H 2 S
,
S u l f u r c o mp o u n d s
G A 3 3 K e t o n e s
S A 3 3 K e t o n e s
G A 3 4 L e a d ( I n o r g a n i c c o mp o u n d s )
S A 3 4 L e a d ( i n o r g a n i c c o mp o u n d s )
G A 4 0 N i c k e l
S A 4 0 N i c k e l
G A 4 3 P h e n o l
S A 4 3 P h e n o l
G A 5 8 V a n a d i u m C o m p o u n d s
0 1 0 1 2 7 1 2 3 1 9 3
0 1 0 1 1 0 1 2 3 1 9 3 P O c h l o r i d e s - d e s a l t i n g ( R 8 1 , R 1 5 )
0 1 0 1 4 3 1 2 3 1 9 3 P O c h l o r i d e s - d e s a l t i n g ( R 8 1 , R 1 5 |
0 1 0 1 2 5 1 2 3 1 9 3 P O c r u d e d i s t i l l a t i o n ( R 1 5 )
0 1 0 1 2 7 1 2 3 1 9 3 PO c r u d e d i s t i l l a t i o n { R 1 5 )
0 1 0 1 1 0 1 2 3 1 9 3 PO u s e d i n d e s u l f u r i z a t i o n ( R 3 4 )
0 1 0 1 2 7 1 2 3 1 9 3 PO u s e d i n d e s u l f u r i z a t i o n ( R 3 4 )
0 1 0 1 1 0 1 2 3 1 9 3 A C b y d e f i n i t i o n
0 1 0 1 2 7 1 2 3 1 9 3 A C b y d e f i n i t i o n
0 1 0 1 1 0 1 2 3 1 9 3 P O c r u d e o i l f i l t r a t i o n (R 3 4 )
0 1 0 1 2 7 1 2 3 1 9 3 PO c r u d e o i l f i l t r a t i o n ( R 3 4 )
0 1 0 1 1 0 1 2 3 1 9 3 P O d e s u l f u r i z a t i o n ( R 3 4 )
0 1 0 1 2 7 1 2 3 1 9 3 P O d e s u l f u r i z a t i o n { R 3 4 )
0 1 0 1 1 0 1 2 3 1 9 3 A C i n c r u d e
0 1 0 1 2 7 1 2 3 1 9 3 A C i n c r u d e
0 1 0 1 1 0 1 2 3 1 9 3 A C i n c r u d e
0 1 0 1 2 7 1 2 3 1 9 3 A C i n c r u d e
'
0 1 0 1 5 4 1 2 3 1 9 3 P O u s e d i n h y d r o d e s u l f u r i z a t i o n a n d t o a b s o r b a c i d g a s ( R 3 4 ) ; d i e t h a n o l a m i n e t o r e m o v e
0 1 0 1 5 4 1 2 3 1 9 3 PR u s e d i n h y d r o d e s u l f u r i z a t i o n a n d t o a b s o r b a c i d g a s ( R3 4 ) ; d i e t h a n o l a m i n e t o r e m o v e
0 1 0 1 1 0 1 2 3 1 9 3 A C a t m o s p h e r i c d i s t i l l a t i o n ( R 3 4 , R 8 1 , R 1 5 ) ; v a c u u m d i s t i l l a t i o n ( R 8 1 |
0 1 0 1 2 7 1 2 3 1 9 3 A C a t m o s p h e r i c d i s t i l l a t i o n ( R 3 4 , R 8 1 , R 1 5 ) ; v a c u u m d i s t i l l a t i o n ( R 8 1 )
0 1 0 1 1 0 1 2 3 1 9 3 P O a t m o s p h e r i c d i s t i l l a t i o n ( R 3 4 , R 8 1 ) ; v a c u u m d i s t i l l a t i o n ( R 8 1 ) / d e s a l t i n g ( R 8 1 )
0 1 0 1 2 7 1 2 3 1 9 3 P O a t m o s p h e r i c d i s t i l l a t i o n (R 3 4 , R 8 1 ) ; v a c u u m d i s t i l l a t i o n ( R 8 1 ) / d e s a l t i n g ( R 8 1 )
0 1 0 1 1 0 1 2 3 1 9 3 PO d e s u l f u r i z a t i o n ( R 3 4 ) ; d e s a l t i n g ( R 8 1 )
0 1 0 1 2 7 1 2 3 1 9 3 PO d e s u l f u r i z a t i o n ( R 3 4 ) ; d e s a l t i n g ( R 8 1 )
0 1 0 1 1 0 1 2 3 1 9 3 PO d e s a l t i n g ( R 8 1 ) ; p r e s e n t i n c r u d e u p t o 1 0 p p m ( R 3 3 )
PO d e s a l t i n g (R 8 1 ) ; p r e s e n t i n c r u d e u p t o 1 0 p p m ( R 3 3 )
0 1 0 1 1 0 1 2 3 1 9 3 PO d e s a l t i n g (R 8 1 ) ; i n d e s a l t i n g w a s h w a t e r ( R 2 5 ) ; c r u d e d i s t ( R 3 4 ) ; v a c d i s t ( R S I )
0 1 0 1 2 7 1 2 3 1 9 3 PO d e s a l t i n g (R 8 1 ) ; i n d e s a l t i n g w a s h w a t e r (R 2 5 ) ; c r u d e d i s t ( R 3 4 ) ; v a c d i s t ( R 8 1 )
0 1 0 1 1 0 1 2 3 1 9 3 A C a t m o s p h e r i c d i s t ( R 3 4 )
0 1 0 1 2 7 1 2 3 1 9 3 A C a t m o s p h e r i c d i s t ( R 3 4 )
0 1 0 1 1 0 1 2 3 1 9 3 P R A t m o s p h e r i c d i s t ( R 3 4 , R B I ) ; v a c d i s t ( R 8 1 )
0 1 0 1 2 7 1 2 3 1 9 3 PR A t m o s p h e r i c d i s t ( R 3 4 , R 8 1 ) ; v a c d i s t ( R 8 1 )
0 1 0 1 1 0 1 2 3 1 9 3 PR d e s a l t i n g ( R 8 1 ) ; r e s i d f u e l o i l s ( R 3 4 ) ; c r u d e c o n t a m ( R3 3 )
0 1 0 1 2 7 1 2 3 1 9 3 PR d e s a l t i n g ( R 8 1 | ; r e s i d f u e l o i l s ( R 3 4 ) ; c r u d e c o n t a m ( R3 3 )
0 1 0 1 1 0 1 2 3 1 9 3 PO d e s a l t i n g ( R 8 1 )
0 1 0 1 4 3 1 2 3 1 9 3 PO d e s a l t i n g ( R 8 1 )
0 1 0 1 1 0 1 2 3 1 9 3 P O i n c r u d e o i l ( R 3 3 )
0 1 0 1 2 7 1 2 3 1 9 3 PO i n c r u d e o i l ( R 3 3 )
0 8 2 0 9 0 0 5 3 1 9 1 PO R 7 6 , v a c u u m d i s t u n i t
0 1 0 1 1 0 1 2 3 1 9 3 PO c h l o r i d e s - d e s a l t i n g { R 8 1 , R 1 5 )
0 1 0 1 4 3 1 2 3 1 9 3 PO c h l o r i d e s - d e s a l t i n g ( R 8 1 , R 1 5 )
0 1 0 1 1 0 1 2 3 1 9 3 A C b y d e f i n i t i o n
0 1 0 1 4 3 1 2 3 1 9 3 A C b y d e f i n i t i o n
0 1 0 1 1 0 1 2 3 1 9 3 A C i n c r u d e
0 1 0 1 4 3 1 2 3 1 9 3 A C i n c r u d e
0 1 0 1 1 0 1 2 3 1 9 3 A C i n c r u d e
0 1 0 1 4 3 1 2 3 1 9 3 A C i n c r u d e
0 1 0 1 1 0 1 2 3 1 9 3 A C s u l f o n a t e s i n c h e m d e h y d r a t i n g , H 2 S r e l e a s e d ( R 1 5 ) ; s u l f a t e s i n d e s a l t i n g ( R2 5 )
0 1 0 1 4 3 1 2 3 1 9 3 A C s u l f o n a t e s i n c h e m d e h y d r a t i n g , H 2 S r e l e a s e d { R 1 5 ) ; s u l f a t e s i n d e s a l t i n g ( R 2 5 )
0 1 0 1 1 0 1 2 3 1 9 3 PO d e s a l t i n g ( R 8 1 )
0 1 0 1 4 3 1 2 3 1 9 3 PO d e s a l t i n g ( R 8 1 )
0 1 0 1 1 0 1 2 3 1 9 3 P O d e s a l t i n g ( R 8 1 )
0 1 0 1 4 3 1 2 3 1 9 3 P O d e s a l t i n g ( R 8 1 )
0 1 0 1 1 0 1 2 3 1 9 3 PO d e s a l t i n g ( R 8 1 ) ; p r e s e n t i n c r u d e u p t o 1 0 p p m ( R 3 3 )
0 1 0 1 4 3 1 2 3 1 9 3 P O d e s a l t i n g ( R 8 1 ) ; p r e s e n t i n c r u d e u p t o 1 0 p p m ( R 3 3 )
0 1 0 1 1 0 1 2 3 1 9 3 PO d e s a l t i n g ( R 8 1 ) ; i n d e s a l t i n g w a s h w a t e r ( R 2 5 ) ; c r u d e d i s t ( R 3 4 ) ; v a c d i s t ( R B I )
0 1 0 1 4 3 1 2 3 1 9 3 P O d e s a l t i n g ( R 8 1 ) ; i n d e s a l t i n g w a s h w a t e r ( R 2 5 ) ; c r u d e d i s t { R 3 4 ) ; v a c d i s t ( R B I )
0 1 0 1 1 0 1 2 3 1 9 3 P R d e s a l t i n g ( R 8 1 ) ; r e s i d f u e l o i l s ( R3 4 ) ; c r u d e c o n t a m ( R 3 3 )
1 1 0 S A 5 8 V a n a d i u m C o mp o u n d s 0 1 0 1 4 3 1 2 3 1 9 3 PR
1 1 0 G A 5 9 Z i n c 0 1 0 1 1 0 1 2 3 1 9 3 P O
1 1 0 S A 5 9 Z i n c 0 1 0 1 4 3 1 2 3 1 9 3 PO
1 1 0 G A 7 A r s e n i c c o m p o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 PO
1 1 0 S A 7 A r s e n i c c o m p o u n d s 0 1 0 1 4 3 1 2 3 1 9 3 PO
1 1 1 G A 1 2 C h l o r i n e & C h l o r i d e s 0 1 0 1 1 0 1 2 3 1 9 3 PO
1 1 1 S A 1 2 C h l o r i n e & C h l o r i d e s 0 1 0 1 4 3 1 2 3 1 9 3 P O
1 1 1 G A 1 8 C r u d e O i l 0 1 0 1 1 0 1 2 3 1 9 3 A C
1 1 1 S A 1 8 C r u d e O i l 0 1 0 1 4 3 1 2 3 1 9 3 A C
1 1 1 G A 2 6 A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 1 0 1 2 3 1 9 3 A C
1 1 1 S A 2 6 A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 4 3 1 2 3 1 9 3 A C
1 1 1 G A 2 7 A r o m a t i c h y d r o c a r b o n s 0 1 0 1 1 0 1 2 3 1 9 3 A C
1 1 1 S A 2 7 A r o m a t i c h y d r o c a r b o n s 0 1 0 1 4 3 1 2 3 1 9 3 A C
1 1 1 G A 3 1 H 2 S , S u l f u r c o mp o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 P O
1 1 1 S A 3 1 H 2 S , S u l f u r c o mp o u n d s 0 1 0 1 4 3 1 2 3 1 9 3 PO
1 1 1 G A 3 3 K e t o n e s 0 1 0 1 1 0 1 2 3 1 9 3 P O
1 1 1 S A 3 3 K e t o n e s 0 1 0 1 4 3 1 2 3 1 9 3 P O
1 1 1 G A 3 4 L e a d ( i n o r g a n i c c o n f o u n d s ) 0 1 0 1 1 0 1 2 3 1 9 3 PO
1 1 1 S A 3 4 L e a d ( i n o r g a n i c c o mp o u n d s ) 0 1 0 1 4 3 1 2 3 1 9 3 PO
1 1 1 G A 4 0 N i c k e l 0 1 0 1 1 0 1 2 3 1 9 3 PO
1 1 1 S A 4 0 N i c k e l 0 1 0 1 4 3 1 2 3 1 9 3 PO
1 1 1 G A 4 3 P h e n o l 0 1 0 1 1 0 1 2 3 1 9 3 P O
1 1 1 S A 4 3 P h e n o l 0 1 0 1 4 3 1 2 3 1 9 3 P O
1 1 1 G A 6 8 V a n a d i u m C o m p o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 P R
1 1 1 S A 5 8 V a n a d i u m C o m p o u n d s 0 1 0 1 4 3 1 2 3 1 9 3 PR
1 1 1 G A 5 9 Z i n c 0 1 0 1 1 0 1 2 3 1 9 3 PO
1 1 1 S A 5 9 Z i n c 0 1 0 1 4 3 1 2 3 1 9 3 PO
1 1 1 G A 7 A r s e n i c c o mp o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 P O
1 1 1 S A 7 A r s e n i c c o mp o u n d s 0 1 0 1 4 3 1 2 3 1 9 3 P O
1 1 2 G A 1 2 C h l o r i n e & C h l o r i d e s 0 1 0 1 1 0 1 2 3 1 9 3 PO
1 1 2 S A 1 2 C h l o r i n e t C h l o r i d e s 0 1 0 1 4 3 1 2 3 1 9 3 PO
1 1 2 G A 1 8 C r u d e O i l 0 1 0 1 1 0 1 2 3 1 9 3 A C
1 1 2 S A 1 8 C r u d e O i l 0 1 0 1 4 3 1 2 3 1 9 3 A C
1 1 2 G A 2 6 A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 1 0 1 2 3 1 9 3 A C
1 1 2 S A 2 6 A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 4 3 1 2 3 1 9 3 A C
1 1 2 G A 2 7 A r o m a t i c h y d r o c a r b o n s 0 1 0 1 1 0 1 2 3 1 9 3 A C
1 1 2 S A 2 7 A r o m a t i c h y d r o c a r b o n s 0 1 0 1 4 3 1 2 3 1 9 3 A C
1 1 2 G A 3 1 H 2 S , S u l f u r c o mp o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 PO
1 1 2 S A 3 1 H 2 S , S u l f u r c o mp o u n d s 0 1 0 1 4 3 1 2 3 1 9 3 PO
1 1 2 G A 3 3 K e t o n e s 0 1 0 1 1 0 1 2 3 1 9 3 PO
1 1 2 S A 3 3 K e t o n e s 0 1 0 1 4 3 1 2 3 1 9 3 P O
1 1 2 G A 3 4 L e a d ( i n o r g a n i c c o mp o u n d s ) 0 1 0 1 1 0 1 2 3 1 9 3 PO
1 1 2 S A 3 4 L e a d ( i n o r g a n i c c o m p o u n d s ) 0 1 0 1 4 3 1 2 3 1 9 3 PO
1 1 2 G A 4 0 N i c k e l 0 1 0 1 1 0 1 2 3 1 9 3 P O
1 1 2 S A 4 0 N i c k e l 0 1 0 1 4 3 1 2 3 1 9 3 PO
1 1 2 G A 4 3 P h e n o l 0 1 0 1 1 0 1 2 3 1 9 3 PO
1 1 2 S A 4 3 P h e n o l 0 1 0 1 4 3 1 2 3 1 9 3 P O
1 1 2 G A 5 8 V a n a d i u m C o m p o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 PR
1 1 2 S A S S V a n a d i u m C o m p o u n d s 0 1 0 1 4 3 1 2 3 1 9 3 P R
1 1 2 G A 7 A r s e n i c c o mp o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 PO
1 1 2 S A 7 A r s e n i c c o m p o u n d s 0 1 0 1 4 3 1 2 3 1 9 3 PO
1 2 0 G A 1 7 C o p p e r , C u c o m p o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 PO
1 2 0 S A 1 7 C o p p e r , C u c o m p o u n d s 0 1 0 1 2 9 1 2 3 1 9 3 PO
1 2 0 G A 1 8 C r u d e O i l 0 1 0 1 1 0 1 2 3 1 9 3 A C
1 2 0 S A 1 8 C r u d e O i l 0 1 0 1 2 9 1 2 3 1 9 3 A C
1 2 0 G A 2 3 F u r f u r a l 0 1 0 1 1 0 1 2 3 1 9 3 P O
1 2 0 S A 2 3 F u r f u r a l 0 1 0 1 2 9 1 2 3 1 9 3 P O
1 2 0 G A 2 6 A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 1 0 1 2 3 1 9 3 A C
1 2 0 S A 2 6 A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 2 9 1 2 3 1 9 3 A C
1 2 0 G A 2 7 A r o m a t i c h y d r o c a r b o n s 0 1 0 1 1 0 1 2 3 1 9 3 A C
1 2 0 S A 2 7 A r o m a t i c h y d r o c a r b o n s 0 1 0 1 2 9 1 2 3 1 9 3 A C
1 2 0 G A 3 A l i p h a t i c a m i n e s , a l k a n o a m l n e s 0 1 0 1 5 4 1 2 3 1 9 3 P O
d e s a l t i n g ( R B I ) ; r e s i d f u e l o i l s ( R 3 4 ) ; c r u d e c o n t a m ( R 3 3 )
d e s a l t i n g ( R B I )
d e s a l t i n g ( R 8 1 |
i n c r u d e o i l ( R 3 3 )
i n c r u d e o i l ( R 3 3 )
c h l o r i d e s - d e s a l t i n g ( R 8 1 , R 1 5 )
c h l o r i d e s - d e s a l t i n g ( R 8 1 , R 1 5 )
b y d e f i n i t i o n
b y d e f i n i t i o n
i n c r u d e
i n c r u d e
i n c r u d e
i n c r u d e
s u l f o n a t e s i n c h e m d e h y d r a t i n g , H 2 S r e l e a s e d ( R 1 5 ) ; s u l f a t e s i n d e s a l t i n g ( R 2 5 )
s u l f o n a t e s i n c h e m d e h y d r a t i n g , H 2 S r e l e a s e d ( R 1 5 ) ; s u l f a t e s i n d e s a l t i n g ( R 2 5 )
d e s a l t i n g ( R 8 1 )
'
d e s a l t i n g ( R 8 1 )
d e s a l t i n g ( R 8 1 )
d e s a l t i n g ( R 8 1 )
d e s a l t i n g ( R 8 1 ) ; p r e s e n t i n c r u d e u p t o 1 0 p p m ( R 3 3 )
d e s a l t i n g ( R 8 1 ) ; p r e s e n t i n c r u d e u p t o 1 0 p p m ( R 3 3 )
d e s a l t i n g ( R 8 1 ) ; i n d e s a l t i n g w a s h w a t e r ( R 2 5 ) ; c r u d e d i s t ( R 3 4 ) ; v a c d i s t ( R 8 1 )
d e s a l t i n g ( R S I ) ; i n d e s a l t i n g w a s h w a t e r ( R 2 5 ) ; c r u d e d i s t { R 3 4 ) ; v a c d i s t ( R 8 1 )
d e s a l t i n g ( R 8 1 ) ; r e s i d f u e l o i l s ( R 3 4 ) ; c r u d e c o n t a m ( R 3 3 )
d e s a l t i n g ( R 8 1 ) ; r e s i d f u e l o i l s ( R 3 4 ) ; c r u d e c o n t a m ( R 3 3 )
d e s a l t i n g ( R 8 1 )
d e s a l t i n g ( R 8 1 )
i n c r u d e o i l ( R 3 3 )
i n c r u d e o i l ( R 3 3 )
c h l o r i d e s - d e s a l t i n g ( R 8 1 , R 1 5 )
c h l o r i d e s - d e s a l t i n g ( R 8 1 , R 1 5 )
b y d e f i n i t i o n
b y d e f i n i t i o n
i n c r u d e
i n c r u d e
i n c r u d e
i n c r u d e
s u l f o n a t e s i n c h e m d e h y d r a t i n g , H 2 S r e l e a s e d ( R 1 5 ) ; s u l f a t e s i n d e s a l t i n g ( R 2 5 )
s u l f o n a t e s i n c h e m d e h y d r a t i n g , H 2 S r e l e a s e d ( R 1 5 ) ; s u l f a t e s i n d e s a l t i n g ( R 2 5 )
d e s a l t i n g ( R 8 1 )
d e s a l t i n g ( R 8 1 )
d e s a l t i n g ( R 8 1 )
d e s a l t i n g ( R 8 1 )
d e s a l t i n g ( R 8 1 | ; p r e s e n t i n c r u d e u p t o 1 0 p p m ( R 3 3 )
d e s a l t i n g ( R 8 1 ) ; p r e s e n t i n c r u d e u p t o 1 0 p p m ( R 3 3 )
d e s a l t i n g ( R 8 1 ) ; i n d e s a l t i n g w a s h w a t e r ( R2 5 ) ; c r u d e d i s t | R 3 4 ) ; v a c d i s t ( R 8 1 )
d e s a l t i n g ( R 8 1 ) ; i n d e s a l t i n g w a s h w a t e r ( R 2 5 ) ; c r u d e d i s t ( R 3 4 ) ; v a c d i s t ( R 8 1 )
d e s a l t i n g ( R B I ) ; r e s i d f u e l o i l s ( R 3 4 ) ; c r u d e c o n t a m ( R 3 3 )
d e s a l t i n g ( R 8 1 ) ; r e s i d f u e l o i l s ( R 3 4 ) ; c r u d e c o n t a m ( R 3 3 )
i n c r u d e o i l ( R 3 3 )
i n c r u d e o i l ( R 3 3 )
u s e d i n d e s u l f u r i z a t i o n ( R 3 4 )
u s e d i n d e s u l f u r i z a t i o n ( R 3 4 )
b y d e f i n i t i o n
b y d e f i n i t i o n
d e s u l f u r i z a t i o n ( R 3 4 )
d e s u l f u r i z a t i o n ( R 3 4 )
i n c r u d e
i n c r u d e
i n c r u d e
i n c r u d e
u s e d i n h y d r o d e s u l f u r l z a t l o n a n d t o a b s o r b a c i d g a s ( R 3 4 ) ; d i e t h a n o l a m i n e t o r e m o v e
H 2 S
1 2 0
H 2 S
1 2 0
1 2 0
1 2 0
1 2 0
1 2 0
1 2 0
1 2 0
1 2 0
1 2 0
1 2 0
1 2 0
1 2 0
1 2 0
1 2 0
1 2 0
1 2 0
1 3 0
1 3 0
1 3 0
1 3 0
1 3 0
1 3 0
1 3 0
1 3 0
1 3 0
1 3 0
1 3 0
1 3 0
1 3 0
1 3 0
1 3 0
1 3 0
1 3 0
1 3 0
1 3 0
1 3 0
1 4 0
1 4 0
1 4 0
1 4 0
1 4 0
1 4 0
1 4 0
1 4 0
1 4 0
1 4 0
1 4 0
1 4 0
1 4 0
1 4 0
1 4 0
1 4 0
1 4 0
1 4 0
1 4 0
1 4 0
1 4 0
1 4 0
1 4 0
A 4 8
A 4 8
A 5
A 5
( R 2 5 )
S A 3 A l i p h a t i c a m i n e s , a l k a n o a m i n e s
( R 2 5 ) ; R 6 8 - " C r u d e U n i t s "
G A 3 1 H 2 S , S u l f u r c o m p o u n d s
A 3 1 H 2 S , S u l f u r c o m p o u n d s
A 3 3 K e t o n e s
A 3 3 Ke t o n e s
A 3 4 L e a d ( i n o r g a n i c c o m p o u n d s )
L e a d ( i n o r g a n i c c o m p o u n d s )
A 4 3 Ph e n o l
A 4 3 P h e n o l
P o l y n u c A r o m a t i c s
P o l y n u c A r o m a t i c s
A m m o n i a
A m m o n i a
A 5 8 V a n a d i u m C o mp o u n d s
A 5 8 V a n a d i u m C o mp o u n d s
A 7 A r s e n i c c o m p o u n d s
A 7 A r s e n i c c o m p o u n d s
A 1 8 C r u d e O i l
A 1 8 C r u d e O i l
G A 2 6 A l i p h a t i c h y d r o c a r b o n s
S A 2 6 A l i p h a t i c h y d r o c a r b o n s
A 2 7 A r o m a t i c h y d r o c a r b o n s
A 2 7 A r o m a t i c h y d r o c a r b o n s
A 3 1 H 2 S , S u l f u r c o mp o u n d s
A 3 1 H 2 S , S u l f u r c o mp o u n d s
A 3 3 K e t o n e s
A 3 3 K e t o n e s
A 4 3 P h e n o l
A 4 3 P h e n o l
P o l y n u c A r o m a t i c s
P o l y n u c A r o m a t i c s
A mm o n i a
A mm o n i a
A 5 8 V a n a d i u m C o n f o u n d s
A 5 8 V a n a d i u m C o mp o u n d s
A 7 A r s e n i c c o m p o u n d s
A r s e n i c c o m p o u n d s
A 1 6 C o )t e
A 1 6 C o k e
A 1 8 C r u d e O i l
A 1 8 C r u d e O i l
A 2 6 A l i p h a t i c h y d r o c a r b o n s
A 2 6 A l i p h a t i c h y d r o c a r b o n s
A 2 7 A r o m a t i c h y d r o c a r b o n s
A 2 7 A r o m a t i c h y d r o c a r b o n s
A 3 1 H 2 S , S u l f u r c o mp o u n d s
A 3 1 H 2 S , S u l f u r c o mp o u n d s
A 3 3 K e t o n e s
A 3 3 K e t o n e s
A 4 0 N i c k e l
A 4 0 N i c k e l
A 4 3 P h e n o l
A 4 3 P h e n o l
A 4 8 P o l y n u c A r o m a t i c s
A 4 8 P o l y n u c A r o m a t i c s
A 5 A mm o n i a
A 5 A mm o n i a
A 5 8 V a n a d i u m C o m p o u n d s
A 5 8 V a n a d i u m C o m p o u n d s
A 7 A r s e n i c c o m p o u n d s
0 1 0 1 5 4 1 2 3 1 9 3
A 4 8
A 4 8
A 5
A S
0 1 0 1 1 0
0 1 0 1 2 9
0 1 0 1 1 0
0 1 0 1 2 9
0 1 0 1 1 0
0 1 0 1 2 9
0 1 0 1 1 0
0 1 0 1 2 9
0 1 0 1 1 0
0 1 0 1 2 9
0 1 0 1 1 0
0 1 0 1 2 9
0 1 0 1 1 0
0 1 0 1 2 9
0 1 0 1 1 0
0 1 0 1 2 9
0 1 0 1 1 0
0 1 0 1 2 9
0 1 0 1 1 0
0 1 0 1 2 9
0 1 0 1 1 0
0 1 0 1 2 9
0 1 0 1 1 0
0 1 0 1 2 9
0 1 0 1 1 0
0 1 0 1 2 9
0 1 0 1 1 0
0 1 0 1 2 9
0 1 0 1 1 0
0 1 0 1 2 9
0 1 0 1 1 0
0 1 0 1 2 9
0 1 0 1 1 0
0 1 0 1 2 9
0 1 0 1 1 0
0 1 0 1 2 9
0 1 0 1 2 5
0 1 0 1 2 7
0 1 0 1 2 5
0 1 0 1 2 7
0 1 0 1 2 5
0 1 0 1 2 7
0 1 0 1 2 5
0 1 0 1 2 7
0 1 0 1 2 5
0 1 0 1 2 7
0 1 0 1 2 5
0 1 0 1 2 7
0 1 0 1 2 5
0 1 0 1 2 7
0 1 0 1 2 5
0 1 0 1 2 7
0 1 0 1 2 5
0 1 0 1 2 7
0 1 0 1 2 5
0 1 0 1 2 7
0 1 0 1 2 5
0 1 0 1 2 7
0 1 0 1 2 5
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
P C
A C
A C
P C
P C
P C
P C
P C
P C
A C
A C
A C
A C
P R
P R
P O
P C
A C
A C
A C
A C
A C
A C
P O
P O
P O
P O
P O
PO
A C
A C
A C
A C
PR
P R
P O
P O
P R
A C
A C
A C
A C
A C
A C
A C
P R
P R
PO
P O
P O
P O
P O
P O
A C
A C
P R
A C
P R
P R
PO
a t m o s p h e r i c d i s t
a t m o s p h e r i c d i s t
u s e d i n h y d r o d e s u l f u r i z a t i o n a n d t o a b s o r b a c i d g a s ( R 3 4 ) ; d i e t h a n o l a m i n e t o r e mo v e
a t m o s p h e r i c d i s t i l l a t i o n ( R 3 4 , R S I , R 1 5 ) ; v a c u u m d i s t i l l a t i o n ( R 8 1 )
a t m o s p h e r i c d i s t i l l a t i o n ( R 3 4 , R 8 1 , R 1 5 ) ; v a c u u m d i s t i l l a t i o n ( R 8 1 )
a t m o s p h e r i c d i s t i l l a t i o n { R 3 4 , R B I ) ; v a c u u m d i s t i l l a t i o n ( R 8 1 ) ; d e s a l t i n g ( R 8 1 )
a t m o s p h e r i c d i s t i l l a t i o n ( R 3 4 , R 8 1 ) ; v a c u u m d i s t i l l a t i o n ( R 8 1 ) ; d e s a l t i n g ( R 8 1 )
d e s u l f u r l z a t i o n ( R 3 4 ) ; d e s a l t i n g ( R 8 1 )
d e s u l f u r i z a t i o n ( R 3 4 ) ; d e s a l t i n g ( R 8 1 )
d e s a l t i n g ( R 8 1 ) ; i n d e s a l t i n g w a s h w a t e r ( R 2 5 ) ; c r u d e d i s t ( R 3 4 ) ; v a c d i s t ( R 8 1 )
d e s a l t i n g ( R 8 1 ) ; i n d e s a l t i n g w a s h w a t e r ( R 2 5 ) ; c r u d e d i s t ( R 3 4 ) ; v a c d i s t ( R B I )
( R 3 4 )
i R 3 4 )
A t m o s p h e r i c d i s t ( R 3 4 , R 8 1 ) ; v a c d i s t ( R 8 1 )
A t m o s p h e r i c d i s t ( R 3 4 , R 8 1 ) ; v a c d i s t ( R 8 1 )
d e s a l t i n g ( R 8 1 ) ; r e s i d f u e l o i l s
' ( R 3 4 ) ; c r u d e c o n t a m ( R 3 3 )
d e s a l t i n g ( R 8 1 ) ; r e s i d f u e l o i l s ( R 3 4 ) ; c r u d e c o n t a m ( R 3 3 )
i n c r u d e o i l { R 3 3 )
i n c r u d e o i l ( R 3 3 )
b y d e f i n i t i o n
b y d e f i n i t i o n
i n c r u d e
i n c r u d e
i n c r u d e
i n c r u d e
a t m o s p h e r i c d i s t i l l a t i o n ( R 3 4 , R 8 1 , R 1 5 ) ; v a c u u m d i s t i l l a t i o n ( R 8 1 )
a t m o s p h e r i c d i s t i l l a t i o n ( R 3 4 , R B I , R 1 5 ) ; v a c u u m d i s t i l l a t i o n ( R 8 1 )
a t m o s p h e r i c d i s t i l l a t i o n ( R 3 4 , R B I ) ; v a c u u m d i s t i l l a t i o n ( R 8 1 ) ; d e s a l t i n g ( R 8 1 )
a t m o s p h e r i c d i s t i l l a t i o n ( R 3 4 , R B I ) ; v a c u u m d i s t i l l a t i o n ( R 8 1 ) ; d e s a l t i n g ( R 8 1 )
d e s a l t i n g ( R 8 1 ) ; i n d e s a l t i n g w a s h w a t e r ( R 2 5 ) ; c r u d e d i s t ( R 3 4 ) ; v a c d i s t ( R B I )
d e s a l t i n g ( R 8 1 ) ; i n d e s a l t i n g w a s h w a t e r ( R 2 5 ) ; c r u d e d i s t ( R 3 4 ) ; v a c d i s t ( R 8 1 )
a t m o s p h e r i c d i s t { R 3 4 )
a t m o s p h e r i c d i s t ( R 3 4 )
A t m o s p h e r i c d i s t ( R 3 4 , R 8 1 ) ; v a c d i s t ( R 8 1 )
A t m o s p h e r i c d i s t ( R 3 4 , R 8 1 ) ; v a c d i s t ( R 8 1 )
d e s a l t i n g ( R 8 1 ) ; r e s i d f u e l o i l s ( R 3 4 ) ; c r u d e c o n t a m ( R 3 3 )
d e s a l t i n g ( R 8 1 ) ; r e s i d f u e l o i l s ( R 3 4 ) ; c r u d e c o n t a m ( R 3 3 i
i n c r u d e o i l ( R 3 3 )
i n c r u d e o i l ( R 3 3 )
c r u d e d i s t i l l a t i o n ( R 1 5 )
c r u d e d i s t i l l a t i o n ( R 1 5 )
b y d e f i n i t i o n
b y d e f i n i t i o n
i n c r u d e
i n c r u d e
i n c r u d e
i n c r u d e
a t m o s p h e r i c d i s t i l l a t i o n ( R 3 4 , R B I , R 1 5 ) ; v a c u u m d i s t i l l a t i o n ( R 8 1 )
a t m o s p h e r i c d i s t i l l a t i o n ( R 3 4 , R B I , R 1 5 ) ; v a c u u m d i s t i l l a t i o n ( R 8 1 )
a t m o s p h e r i c d i s t i l l a t i o n ( R 3 4 , R 8 1 ) ; v a c u u m d i s t i l l a t i o n ( R 8 1 ) ; d e s a l t l n g ( R 8 1 )
a t m o s p h e r i c d i s t i l l a t i o n ( R 3 4 , R B I ) ; v a c u u m d i s t i l l a t i o n ( R 8 1 ) ; d e s a l t l n g ( R 8 1 )
d e s a l t i n g ( R 8 1 ) ; p r e s e n t i n c r u d e u p t o 1 0 p p m ( R 3 3 )
d e s a l t i n g ( R 8 1 ) ; p r e s e n t i n c r u d e u p t o 1 0 p p m ( R 3 3 )
d e s a l t i n g ( R 8 1 ) ; i n d e s a l t i n g w a s h w a t e r ( R 2 5 ) ; c r u d e d i s t ( R 3 4 ) ; v a c d i s t ( R B I )
d e s a l t i n g ( R 8 1 ) ; i n d e s a l t i n g w a s h w a t e r ( R 2 5 ) ; c r u d e d i s t ( R 3 4 ) ; v a c d i s t ( R B I )
a t m o s p h e r i c d i s t ( R 3 4 )
a t m o s p h e r i c d i s t ( R 3 4 )
A t m o s p h e r i c d i s t ( R 3 4 , R 8 1 ) ; v a c d i s t ( R 8 1 )
A t m o s p h e r i c d i s t ( R 3 4 , R B I ) ; v a c d i s t ( R 8 1 )
d e s a l t i n g ( R 8 1 ) ; r e s i d f u e l o i l s ( R 3 4 ) ; c r u d e c o n t a m ( R 3 3 )
d e s a l t i n g ( R 8 1 ) ; r e s i d f u e l o i l s ( R 3 4 ) ; c r u d e c o n t a m ( R 3 3 )
i n c r u d e o i l ( R 3 3 )
1 4 0 S A 7 A r s e n i c c o m p o u n d s
1 4 0 S A 8 A s b e s t o s
2 0 0 G A l A l u m i n a
s
" ( R 7 4 , R 2 5 ) ; p o s s i b l e c a t ( R 4 8 , R 1 5 ) ; c a t s u p p
2 0 0 S A l A l u m i n a
s
"
( R T 4 , R 2 5 ) ; p o s s i b l e c a t ( R 4 8 , R 1 5 ) ; c a t s u p p
2 0 0 G A l l C a r b o n Mo n o x i d e
M o v b e d C C ( R8 1 )
2 0 0 S A l l C a r b o n M o n o x i d e
M o v b e d C C ( R B I )
G A 1 3 C h r o m i u m , C t c o mp o u n d s
A 1 3 C h r o m i u m , C r c o mp o u n d s
A 1 4 C l a y s
A 1 4 C l a y s
A 1 5 C o b a l t , C o c o m p o u n d s
A 1 5 C o b a l t
,
C o c o m p o u n d s
A 1 6 C o k e
A 1 6 C o k e
A 1 7 C o p p e r ,
A 1 7 C o p p e r ,
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
2 0 0
C u c o m p o u n d s
C u c o m p o u n d s
A 2 6 A l i p h a t i c h y d r o c a r b o n s
A 2 6 A l i p h a t i c h y d r o c a r b o n s
A 2 7 A r o m a t i c h y d r o c a r b o n s
A 2 7 A r o m a t i c h y d r o c a r b o n s
A 3 A l i p h a t i c a m i n e s
A 3 A l i p h a t i c a m i n e s
A 3 1 H 2 S , S u l f u r c o mp o u n d s
A 3 1 H 2 S , S u l f u r c o mp o u n d s
A 3 2 I r o n c o mp o u n d s
A 3 2 I r o n c o n f o u n d s
A 3 3 K e t o n e s
A 3 3 K e t o n e s
A 3 9 M o l y b d e n u m
A 3 9 M o l y b d e n u m
A 4 A r o m a t i c a m i n e s
A 4 A r o m a t i c a m i n e s
A 4 0 N i c k e l
A 4 0 N i c k e l
A 4 3 P h e n o l
A 4 3 P h e n o l
A 4 8 P o l y n u c A r o m a t i c s
A 4 8 P o l y n u c A r o m a t i c s
A 5 A mm o n i a
A 5 A m m o n i a
A 5 1 S i l i c a
s
" ( R 7 4 , R 2 5 ) ; p o s s i b l e c a t ( R 4 8 , R 3 4 )
2 0 0 S A 5 1 S i l i c a
( R 7 4 , R 2 5 I ; p o s s i b l e c a t ( R 4 8 , R 3 4 )
0 1 0 1 2 7
0 8 2 0 9 0
0 1 0 1 3 6
( R 3 4 )
0 1 0 1 3 6
( R 3 4 )
0 1 0 1 3 6
0 1 0 1 3 6 1 2 3 1 9 3
)
)
2 0 0
I
2 0 0
I
2 0 0
2 0 0
2 0 0
( R 8 1 )
2 0 0
( R 8 1 )
2 0 0
2 0 0
2 0 0
2 0 0
G A 5 4 S u l f u r d i o x i d e , o t h e r s u l f u r o x i d e s 0 1 0 1 3 6
S A 5 4 S u l f u r d i o x i d e , o t h e r s u l f u r o x i d e s 0 1 0 1 3 6 1 2 3 1 9 3
G A 5 7 T u n g s t e n c o mp o u n d s
S A 5 7 T u n g s t e n c o mp o u n d s
G A 5 8 V a n a d i u m C o mp o u n d s
S A 5 8 V a n a d i u m C o mp o u n d s
G A 5 9 Z i n c
S A 5 9 Z i n c
G A 6 A n t i m o n y t r i c h l o r i d e
S A 6 A n t i m o n y t r i c h l o r i d e
1 2 3 1 9 3 PO i n c r u d e o i l ( R 3 3 )
0 5 3 1 9 1 PR R 7 6 , v a c u u m d i s t u n i t
1 2 3 1 9 3 PR s i l i c a - a l u m i n a c a t s : o l d e r - n a t a m o r p h , t h e n s y n t h a m o r p h , t h e n s y n t h c r y s t a s
"
s i e v e
1 2 3 1 9 3 P R s i l i c a - a l u m i n a c a t s : o l d e r - n a t a m o r p h , t h e n s y n t h a m o r p h , t h e n s y n t h c r y s t a s
"
s i e v e
1 2 3 1 9 3 PO b u r n o f f c o k e t o r e g e n c a t - C O c a n b e p r o d u c e d ( R 2 5 , R 3 4 | ; c a t c r a c k i n g ( R 1 5 ) ; F l i
PO b u r n o f f c o k e t o r e g e n c a t - C O c a n b e p r o d u c e d ( R 2 5 , R 3 4 ) ; c a t c r a c k i n g ( R 1 5 ) ; F l 4
0 1 0 1 3 6 1 2 3 1 4 5 PO c h r o m i u m o x i d e s p o s s i b l e c a t f o r c - c r a c k i n g o r c - r e f o r m i n g ( R 4 8 ( 4 1 ) )
0 1 0 1 3 6 1 2 3 1 4 5 PO c h r o m i u m o x i d e s p o s s i b l e c a t f o r c
-
c r a c k i n g o r c - r e f o r m i n g ( R 4 8 ( 4 1 ) )
0 1 0 1 3 6 1 2 3 1 9 3 PO n a t c l a y (
" f i l t r o l " ) a s c a t ( R 4 9 ) ; c l a y a s c a t ( R 4 8 ) ; c a t s u p p o r t s ( R 3 4 )
0 1 0 1 3 6 1 2 3 1 9 3 PO n a t c l a y (
" f i l t r o l
"
) a s c a t ( R 4 9 ) ; c l a y a s c a t ( R 4 8 ) ; c a t s u p p o r t s ( R 3 4 )
0 1 0 1 4 2 1 2 3 1 9 3 PO F C C ( R B I )
0 1 0 1 4 3 1 2 3 1 9 3 PO F C C ( R 8 1 ) I
0 1 0 1 3 6 1 2 3 1 9 3 P O d e p o s i t s o n c a t ( R 2 5 ) ; F C C ( R 8 1 )
0 1 0 1 3 6 1 2 3 1 9 3 P O d e p o s i t s o n c a t ( R 2 5 ) ; F C C ( R 8 1 )
0 1 0 1 4 2 1 2 3 1 9 3 P O m o v i n g b e d C C ( R 8 1 ) ; B U T c a t p o i s o n ( R 2 5 )
0 1 0 1 4 3 1 2 3 1 9 3 PO m o v i n g b e d C C ( R 8 1 ) ; BU T c a t p o i s o n ( R 2 5 )
0 1 0 1 3 6 1 2 3 1 9 3 A C a l i p h a t i c s c a n b e c r a c k e d ( R 2 9 , R 1 5 )
0 1 0 1 3 6 1 2 3 1 9 3 A C a l i p h a t i c s c a n b e c r a c k e d ( R 2 9 , R 1 5 )
0 1 0 1 3 6 1 2 3 1 9 3 PO a r o m c a n b e c r a c k e d ( R 2 9 , R 1 5 , R 3 4 )
0 1 0 1 3 6 1 2 3 1 9 3 PO a r o m c a n b e c r a c k e d ( R 2 9 , R 1 5 , R 3 4 )
0 1 0 1 5 4 1 2 3 1 9 3 PO h y d r o d e s u l f u r i z a t i o n ( R 3 4 ) ; d i e t h a n o l a m i n e t o r e m o v e H 2 S ( R 2 5 )
0 1 0 1 5 4 1 2 3 1 9 3 P R R 6 8 ; h y d r o d e s u l f u r i z a t i o n ( R 3 4 ) ; d i e t h a n o l a m i n e t o r e m o v e H 2 S ( R 2 5 )
0 1 0 1 3 6 1 2 3 1 9 3 PO w i t h H 2 S r e m o v a l / r e c o v e r y ; c a t c r a c k i n g ( R 1 5 , R 3 4 ) ; F C C ( R 8 1 )
0 1 0 1 3 6 1 2 3 1 9 3 P O w i t h H 2 S r e m o v a l / r e c o v e r y ; c a t c r a c k i n g ( R 1 5 , R 3 4 ) ; F C C ( R 8 1 )
0 1 0 1 3 6 1 2 3 1 4 5 PO c o m p o n e n t o f p o s s i b l e c a t b a u x i t e
' 4 1 ( R 4 8 )
0 1 0 1 3 6 1 2 3 1 4 5 PO c o m p o n e n t o f p o s s i b l e c a t b a u x i t e ' 4 1 ( R 4 8 )
0 1 0 1 4 2 1 2 3 1 9 3 PO F l u i d & M o v B e d C C ( R 8 1 )
0 1 0 1 4 3 1 2 3 1 9 3 PO F l u i d & M o v B e d C C ( R 8 1 )
0 1 0 1 4 2 1 2 3 1 9 3 PO F C C ( R 8 1 )
0 1 0 1 4 3 1 2 3 1 9 3 PO FC C ( R 8 1 )
0 1 0 1 3 6 1 2 3 1 9 3 PO C a t c r a c k i n g ( R3 4 )
0 1 0 1 3 6 1 2 3 1 9 3 PO C a t c r a c k i n g ( R 3 4 )
0 1 0 1 3 6 1 2 3 1 9 3 PO p o s s i b l y i n f e e d ( c a t p o i s o n )
0 1 0 1 3 6 1 2 3 1 9 3 PO p o s s i b l y i n f e e d ( c a t p o i s o n )
0 1 0 1 3 6 1 2 3 1 9 3 PO C a t c r a c k i n g ( R3 4 ) ; m o v b e d C C ( R 8 1 )
0 1 0 1 3 6 1 2 3 1 9 3 PO C a t c r a c k i n g ( R3 4 ) ; m o v b e d C C ( R 8 1 )
0 1 0 1 3 6 1 2 3 1 9 3 P R C a t c r a c k i n g ( R 3 4 )
0 1 0 1 3 6 1 2 3 1 9 3 PR C a t c r a c k i n g ( R 3 4 )
0 1 0 1 3 6 1 2 3 1 9 3 PO C a t c r a c k i n g ( R 3 4 ) ; F l & m o v b e d C C ( R 8 1 )
0 1 0 1 3 6 1 2 3 1 9 3 PO C a t c r a c k i n g ( R 3 4 ) ; F l & m o v b e d C C { R 8 1 )
0 1 0 1 3 6 1 2 3 1 9 3 P R s i l i c a - a l u m i n a c a t s : o l d e r - n a t a m o r p h , t h e n s y n t h a m o r p h , t h e n s y n t h c r y s t a s
"
s i e v e
0 1 0 1 3 6 1 2 3 1 9 3 P R s i l i c a - a l u m i n a c a t s : o l d e r - n a t a m o r p h , t h e n s y n t h a m o r p h , t h e n s y n t h c r y s t a s
"
s i e v e
1 2 3 1 9 3 PO i f s i n f e e d , d e p o s i t s o n c a t , t h e n o x i d i z e d u p o n r e g e n ( R 2 9 ) ; F l i m o v b e d C C ( R 8 1
PO i f S i n f e e d , d e p o s i t s o n c a t , t h e n o x i d i z e d u p o n r e g e n ( R 2 9 ) ; F l & m o v b e d C C ( R BI
0 1 0 1 3 6 1 2 3 1 4 5 PO W o x i d e p o s s i b l e c a t
' 4 1 ( R 4 8 )
0 1 0 1 3 6 1 2 3 1 4 5 PO W o x i d e p o s s i b l e c a t
' 4 1 ( R 4 8 )
0 1 0 1 3 6 1 2 3 1 9 3 PO p o s s i b l y i n f e e d ( c a t p o i s o n ) ( R 2 5 ) ; V o x i d e p o s s i b l e c a t
' 4 1 ( R 4 8 ) ; F l & m o v b e d C C
0 1 0 1 3 6 1 2 3 1 9 3 PO p o s s i b l y i n f e e d ( c a t p o i s o n ) ( R 2 5 ) ; V o x i d e p o s s i b l e c a t
' 4 1 ( R 4 8 ) ; F l & m o v b e d C C
0 1 0 1 4 2 1 2 3 1 9 3 P O m o v b e d C C ( R 8 1 )
0 1 0 1 4 3 1 2 3 1 9 3 PO m o v b e d C C ( R 8 1 )
0 1 0 1 3 6 1 2 3 1 9 3 P O S b c o m p o u n d s c a n b e a d d e d t o f e e d t o a v e r t p r o b l e m s f r o m l o l e v e l s N l , V (R 2 5 )
0 1 0 1 3 6 1 2 3 1 9 3 P O S b c o m p o u n d s c a n b e a d d e d t o f e e d t o a v e r t p r o b l e m s f r o m l o l e v e l s N l , V ( R 2 5 )
( R 2 5 ) ; F l ( M o v B e d C C ( R 8 1 )
( R 2 5 ) ; F l t M o v B e d C C ( R B I )
2 1 0
s
"
( R 7 4 ,
2 1 0
s
"
( R 7 4 ,
2 1 0
M o v b e d
2 1 0
M o v b e d
2 1 0
2 1 0
2 1 0
2 1 0
2 1 0
2 1 0
2 1 0
2 1 0
2 1 0
2 1 0
2 1 0
2 1 0
2 1 0
2 1 0
2 1 0
2 1 0
2 1 0
2 1 0
2 1 0
2 1 0
2 1 0
2 1 0
2 1 0
2 1 0
2 1 0
s
"
( R 7 4 ,
2 1 0
s
" ( R 7 4 ,
2 1 0
)
2 1 0
)
2 1 0
2 1 0
2 1 0
( R 8 1 )
2 1 0
( R 8 1 )
2 1 0
2 1 0
2 1 1
s
"
( R 7 4 ,
2 1 1
s
"
( R 7 4 ,
2 1 1
Mo v b e d
2 1 1
M o v b e d
2 1 1
2 1 1
2 1 1
G A l A l u m i n a
R 2 5 ) ; p o s s i b l e c a t ( R 4 8 , R 1 5 ) j
S A l A l u m i n a
R 2 5 ) ; p o s s i b l e c a t ( R 4 8 , R 1 5 ) j
G A l l C a r b o n M o n o x i d e
C C ( R 8 1 )
S A l l C a r b o n M o n o x i d e
C C ( R 8 1 )
G A 1 3 C h r o m i u m , C r c o m p o u n d s
S A 1 3 C h r o m i u m , C r c o m p o u n d s
G A 1 4 C l a y s
S A 1 4 C l a y s
G A 1 6 C o k e
S A 1 6 Co k e
G A 2 6 A l i p h a t i c h y d r o c a r b o n s
S A 2 6 A l i p h a t i c h y d r o c a r b o n s
G A 2 7 A r o m a t i c h y d r o c a r b o n s
S A 2 7 A r o m a t i c h y d r o c a r b o n s
G A 3 A l i p h a t i c a m i n e s
S A 3 A l i p h a t i c a m i n e s
G A 3 1 H 2 S , S u l f u r c o m p o u n d s
S A 3 1 H 2 S
,
S u l f u r c o m p o u n d s
G A 3 2 I r o n c o m p o u n d s
A 3 2 I r o n c o mp o u n d s
A 4 A r o m a t i c a m i n e s
A 4 A r o m a t i c a m i n e s
A 4 3 Ph e n o l
A 4 3 Ph e n o l ,
A 4 8 P o l y n u c A r o m a t i c s
A 4 8 Po l y n u c A r o m a t i c s
A 5 A m m o n i a
A m m o n i a
c a t s u p p
c a t s u p p
0 1 0 1 3 6
( R 3 4 )
0 1 0 1 3 6
( R 3 4 )
0 1 0 1 3 6
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
0 1 0 1 3 6 1 2 3 1 9 3
S
G
S
G
S
G
S
G
S A 5
G A 5 1 S i l i c a
R 2 5 ) ; p o s s i b l e c a t ( R 4 8 , R 3 4 )
S A 5 1 S i l i c a
R 2 5 ) ; p o s s i b l e c a t ( R 4 8 , R 3 4 )
G A 5 4 S u l f u r d i o x i d e , o t h e r s u l f u r o x i d e s
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 5 4
0 1 0 1 5 4
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
S A 5 4 S u l f u r d i o x i d e , o t h e r s u l f u r o x i d e s 0 1 0 1 3 6
1 2 3 1 4 5
1 2 3 1 4 5
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 4 5
1 2 3 1 4 5
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 4 5
1 2 3 1 4 5
1 2 3 1 9 3
0 1 0 1 3 6 1 2 3 1 9 3
G A 5 7 T u n g s t e n c o m p o u n d s 0 1 0 1 3 6
S A 5 7 T u n g s t e n c o m p o u n d s 0 1 0 1 3 6
G A 5 B V a n a d i u m C o m p o u n d s 0 1 0 1 3 6
S A 5 8 V a n a d i u m C o m p o u n d s
G A 6 A n t i mo n y t r i c h l o r i d e 0 1 0 1 3 6 1 2 3 1 9 3
S A 6 A n t i mo n y t r i c h l o r i d e 0 1 0 1 3 6 1 2 3 1 9 3
G A l A l u m i n a 0 1 0 1 3 6 1 2 3 1 9 3
R 2 5 ) ; p o s s i b l e c a t ( R 4 8 , R 1 5 ) ; c a t s u p p ( R 3 4 )
S A l A l u m i n a 0 1 0 1 3 6 1 2 3 1 9 3
R 2 5 ) ; p o s s i b l e c a t ( R 4 8 , R 1 5 ) ; c a t s u p p ( R 3 4 )
G A l l C a r b o n M o n o x i d e 0 1 0 1 3 6 1 2 3 1 9 3
C C ( R B I )
S A l l C a r b o n M o n o x i d e 0 1 0 1 3 6 1 2 3 1 9 3
C C ( R 8 1 )
G A 1 3 C h r o m i u m , C r c o m p o u n d s 0 1 0 1 3 6 1 2 3 1 4 5
S A 1 3 C h r o m i u m , C r c o mp o u n d s 0 1 0 1 3 6 1 2 3 1 4 5
G A 1 4 C l a y s 0 1 0 1 3 6 1 2 3 1 9 3
PR
P R
P O
PO
PO
PO
P O
PO
P O
PO
A C
A C
PO
PO
PO
PO
P O
PO
P O
P O
PO
PO
PO
PO
P R
P R
P O
P O
P R
P R
P O
PO
P O
P O
PO
P O
P O
PO
P R
PR
P O
P O
P O
P O
P O
s i l i c a - a l u m i n a c a t s : o l d e r - n a t a mo r p h , t h e n s y n t h a m o r p h , t h e n s y n t h c r y s t a s
"
s i e v e
s i l i c a - a l u m i n a c a t s : o l d e r - n a t a m o r p h , t h e n s y n t h a mo r p h , t h e n s y n t h c r y s t a s
"
s i e v e
b u r n o f f c o k e t o r e g e n c a t
- C O c a n b e p r o d u c e d ( R 2 S , R 3 4 ) ; c a t c r a c k i n g ( R 1 5 ) ; F i t
b u r n o f f c o k e t o r e g e n c a t - C O c a n b e p r o d u c e d ( R 2 5 , R 3 4 ) ; c a t c r a c k i n g ( R1 5 ) ; F l i
c h r o m i u m o x i d e s p o s s i b l e c a t f o r c - c r a c k i n g o r c - r e f o r m i n g ( R 4 8 ( 4 1 ) )
c h r o m i u m o x i d e s p o s s i b l e o a t f o r c - c r a c k l n g o r c
-
r e f o r m i n g ( R 4 8 ( 4 1 ) )
n a t c l a y (
" f i l t r o l " ) a s c a t ( R 4 9 ) ; c l a y a s c a t ( R 4 8 ) ; c a t s u p p o r t s ( R 3 4 )
n a t c l a y (
" f i l t r o l " ) a s c a t ( R 4 9 ) ; c l a y a s o a t ( R 4 8 ) ; c a t s u p p o r t s ( R 3 4 )
d e p o s i t s o n c a t ( R 2 5 ) ; F C C ( R 8 1 )
d e p o s i t s o n c a t ( R 2 5 ) ; F C C ( R 8 1 )
a l i p h a t i c s c a n b e c r a c k e d ( R 2 9 , R 1 5 )
a l i p h a t i c s c a n b e c r a c k e d ( R 2 9 , K l 5 )
a r o m c a n b e c r a c k e d ( R 2 9 , R 1 5 , R 3 4 )
a r o m c a n b e c r a c k e d ( R 2 9 , R1 5 , R 3 4 )
h y d r o d e s u l f u r i z a t i o n ( R3 4 ) ; d i e t h a n o l a m i n e t o r e m o v e H 2 S ( R 2 5 )
h y d r o d e s u l f u r i z a t i o n ( R3 4 ) ; d i e t h a n o l a m i n e t o r e m o v e H 2 S ( R 2 5 )
w i t h H 2 S r e m o v a l / r e c o v e r y ; c a t c r a c k i n g ( R 1 5 , R 3 4 ) ; F C C ( R 8 1 )
w i t h H 2 S r e m o v a l / r e c o v e r y ; c a t c r a c k i n g ( R 1 5 , R 3 4 ) ; F C C ( R 8 1 )
c o mp o n e n t o f p o s s i b l e c a t b a u x i t e
' 4 1 ( R 4 8 )
c o mp o n e n t o f p o s s i b l e c a t b a u x i t e
' 4 1 ( R 4 8 )
C a t c r a c k i n g ( R 3 4 )
C a t c r a c k i n g ( R 3 4 )
C a t c r a c k i n g ( R 3 4 ) ; m o v b e d C C ( R 8 1 )
C a t c r a c k i n g ( R 3 4 ) ; m o v b e d C C ( R 8 1 )
C a t c r a c k i n g ( R 3 4 )
Ca t c r a c k i n g ( R 3 4 )
C a t c r a c k i n g ( R 3 4 ) ; F l & m o v b e d C C ( R 8 1 )
C a t c r a c k i n g ( R 3 4 ) ; F l & m o v b e d C C ( R 8 1 )
s i l i c a - a l u m i n a c a t s : o l d e r - n a t a m o r p h , t h e n s y n t h a mo r p h , t h e n s y n t h c r y s t a s
"
s i e v e
s i l i c a - a l u m i n a c a t s : o l d e r - n a t a m o r p h , t h e n s y n t h a mo r p h , t h e n s y n t h c r y s t a s
"
s i e v e
i f S i n f e e d , d e p o s i t s o n c a t , t h e n o x i d i z e d u p o n r e g e n ( R 2 9 ) ; F l & m o v b e d CC ( R 8 1
i f S i n f e e d , d e p o s i t s o n c a t , t h e n o x i d i z e d u p o n r e g e n ( R 2 9 ) ; F l t m o v b e d CC ( R 8 1
W o x i d e p o s s i b l e c a t
' 4 1 ( R 4 8 )
W o x i d e p o s s i b l e c a t ' 4 1 ( R 4 8 )
p o s s i b l y i n f e e d ( c a t p o i s o n ) ( R 2 5 ) ; V o x i d e p o s s i b l e c a t
' 4 1 ( R 4 8 ) ; F l t m o v b e d C C
p o s s i b l y i n f e e d ( c a t p o i s o n ) ( R 2 5 ) ; V o x i d e p o s s i b l e c a t
' 4 1 ( R 4 8 ) ; F l & m o v b e d C C
S b c o mp o u n d s c a n b e a d d e d t o f e e d t o a v e r t p r o b l e m s f r o m l o l e v e l s N i , V ( R 2 5 |
S b c o mp o u n d s c a n b e a d d e d t o f e e d t o a v e r t p r o b l e m s f r o m l o l e v e l s N i , V ( R2 5 )
s i l i c a - a l u m i n a c a t s : o l d e r - n a t a m o r p h , t h e n s y n t h a m o r p h , t h e n s y n t h c r y s t a s
"
s i e v e
s i l i c a - a l u m i n a c a t s : o l d e r - n a t a m o r p h , t h e n s y n t h a m o r p h , t h e n s y n t h c r y s t a s
"
s i e v e
b u r n o f f c o k e t o r e g e n c a t
- C O c a n b e p r o d u c e d ( R 2 5 , R 3 4 ) ; c a t c r a c k i n g ( R1 5 ) ; F i t
b u r n o f f c o k e t o r e g e n c a t - C O c a n b e p r o d u c e d ( R 2 5 , R 3 4 ) ; c a t c r a c k i n g ( R 1 5 ) ; F i t
c h r o m i u m o x i d e s p o s s i b l e c a t f o r c - c r a c k i n g o r c
-
r e f o r m i n g ( R 4 8 ( 4 1 ) )
c h r o m i u m o x i d e s p o s s i b l e c a t f o r c
-
c r a c k i n g o r c - r e f o r m i n g ( R 4 8 ( 4 1 ) )
n a t c l a y (
" f i l t r o l " ) a s c a t ( R 4 9 ) ; c l a y a s c a t ( R 4 8 ) ; c a t s u p p o r t s ( R 3 4 )
2 1 1 S A 1 4 C l a y s 0 1 0 1 3 6 1 2 3 1 9 3 P O n a t c l a y (
" f i l t r o l " ) a s c a t ( R 4 9 ) ; c l a y a s c a t ( R 4 8 ) ; c a t s u p p o r t s ( R 3 4 )
2 1 1
2 1 1
2 1 1
2 1 1
2 1 1
2 1 1
2 1 1
2 1 1
2 1 1
2 1 1
2 1 1
2 1 1
2 1 1
2 1 1
2 1 1
2 1 1
2 1 1
2 1 1
2 1 1
2 1 1
2 1 1
s
"
( R 7
2 1 1
s
" ( R 7
2 1 1
)
2 1 1
A 1 6
A 1 6
A 2 6
A 2 6
A 2 7
A 2 7
A 3
A 3
A 3 1
A 3 1
A 3 2
A 3 2
A 4
A 4
A 4 3
A 4 3
A 4 8
A 4 8
A 5
A 5
A 5 1
R 2 5 ) ;
S A 5 1
4 , R 2 5 ) ;
G A 5 4
G
S
G
S
G
S
G
S
G
S
G
S
G
S
G
S
G
S
G
S
G
4 ,
C o k e
C o k e
A l i p h a t i c h y d r o c a r b o n s
A l i p h a t i c h y d r o c a r b o n s
A r o m a t i c h y d r o c a r b o n s
A r o m a t i c h y d r o c a r b o n s
A l i p h a t i c a m i n e s
A l i p h a t i c a m i n e s
H 2 S , S u l f u r c o m p o u n d s
H 2 S , S u l f u r c o m p o u n d s
I r o n c o m p o u n d s
I r o n c o m p o u n d s
A r o m a t i c a m i n e s
A r o m a t i c a m i n e s
Ph e n o l
Ph e n o l
P o l y n u c A r o m a t i c s
P o l y n u c A r o m a t i c s
A m m o n i a
A m m o n i a
S i l i c a
p o s s i b l e c a t ( R 4 8 , R 3 4 )
S i l i c a
p o s s i b l e c a t ( R 4 8 , R 3 4 )
S u l f u r d i o x i d e , o t h e r s u l f u r o x i d e s
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 5 4
0 1 0 1 5 4
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
2 1 1 G A 5 7 T u n g s t e n c o m p o u n d s
2 1 1 S A 5 7 T u n g s t e n c o m p o u n d s
2 1 1 G A 5 8 V a n a d i u m C o m p o u n d s
( R 8 1 )
2 1 1 S A 5 8 V a n a d i u m Co m p o u n d s
( R 8 1 )
2 1 1 G A 6 A n t i m o n y t r i c h l o r i d e
2 1 1 S A 6 A n t i m o n y t r i c h l o r i d e
2 1 2 G A l A l u m i n a
s
"
( R 7 4 , R 2 5 ) ; p o s s i b l e o a t ( R 4 8 , R 1 5 ) ;
2 1 2 S A l A l u m i n a
s
"
( R 7 4 , R 2 5 I ; p o s s i b l e c a t ( R 4 8 , R 1 5 ) ;
2 1 2 G A l l C a r b o n M o n o x i d e
M o v b e d C C ( R 8 1 )
2 1 2 S A l l C a r b o n M o n o x i d e
M o v b e d C C ( R 8 1 )
2 1 2 G A 1 3 C h r o m i u m , C r c o mp o u n d s
2 1 2 S A 1 3 C h r o m i u m , C r c o m p o u n d s
2 1 2 G A 1 4 C l a y s
2 1 2 S A 1 4 C l a y s
2 1 2 G A 1 6 C o k e
2 1 2 S A 1 6 C o k e
2 1 2 G A 2 6 A l i p h a t i c h y d r o c a r b o n s
2 1 2 S A 2 6 A l i p h a t i c h y d r o c a r b o n s
2 1 2 G A 2 7 A r o m a t i c h y d r o c a r b o n s
2 1 2 S A 2 7 A r o m a t i c h y d r o c a r b o n s
2 1 2 G A 3 1 H 2 S , S u l f u r c o m p o u n d s
2 1 2 S A 3 1 H 2 S , S u l f u r c o m p o u n d s
2 1 2 G A 3 2 I r o n c o m p o u n d s
2 1 2 S A 3 2 I r o n c o m p o u n d s
2 1 2 G A 4 A r o m a t i c a m i n e s
2 1 2 S A 4 A r o m a t i c a m i n e s
2 1 2 G A 4 3 P h e n o l
2 1 2 S A 4 3 P h e n o l
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
c a t s u p p ( R 3 4 )
0 1 0 1 3 6
c a t s u p p ( R 3 4 )
0 1 0 1 3 6
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 4 5
1 2 3 1 4 5
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
S A 5 4 S u l f u r d i o x i d e , o t h e r s u l f u r o x i d e s 0 1 0 1 3 6 1 2 3 1 9 3
1 2 3 1 4 5
1 2 3 1 4 5
1 2 3 1 9 3
PO
P O
A C
A C
P O
PO
P O
P O
P R
PR
P O
PO
PO
PO
PO
P O
P R
PR
P O
P O
P R
P R
P O
P O
P O
P O
P O
d e p o s i t s o n c a t ( R2 5 ) ; FC C ( R 8 1 1
d e p o s i t s o n c a t ( R2 5 ) ; FC C ( R 8 1 |
a l i p h a t i c s c a n b e c r a c k e d ( R 2 9 , R 1 5 )
a l i p h a t i o s c a n b e c r a c k e d ( R 2 9 , R 1 5 )
a r o m c a n b e c r a c k e d ( R 2 9 , R 1 5 , R 3 4 )
a r o m c a n b e c r a c k e d ( R 2 9 , R 1 5 , R 3 4 )
h y d r o d e s u l f u r i z a t i o n ( R 3 4 ) ; d i e t h a n o l a m i n e t o r e m o v e H 2 S ( R 2 5 )
h y d r o d e s u l f u r i z a t i o n ( R 3 4 ) ; d i e t h a n o l a m i n e t o r e m o v e H2 S ( R 2 5 )
w i t h H 2 S r e m o v a l / r e c o v e r y ; c a t c r a c k i n g ( R 1 5 , R 3 4 ) ; F C C ( R 8 1 )
w i t h H 2 S r e m o v a l / r e c o v e r y ; c a t c r a c k i n g ( R 1 5 , R 3 4 ) ; F C C ( R 8 1 |
c o m p o n e n t o f p o s s i b l e c a t b a u x i t e
' 4 1 ( R 4 8 )
c o m p o n e n t o f p o s s i b l e c a t b a u x i t e
' 4 1 ( R 4 8 )
C a t c r a c k i n g ( R 3 4 )
C a t c r a c k i n g ( R 3 4 )
C a t c r a c k i n g ( R 3 4 ) ; m o v b e d C C ( R 8 1 )
C a t c r a c k i n g ( R 3 4 ) ; m o v b e d C C
C a t c r a c k i n g ( R 3 4 )
C a t c r a c k i n g ( R 3 4 )
C a t c r a c k i n g { R 3 4 ) ; F l
C a t c r a c k i n g ( R 3 4 ) ; F l
s i l i c a - a l u m i n a c a t s : o l d e r - n a t a m o r p h , t h e n s y n t h a m o r p h , t h e n s y n t h c r y s t a s
"
s i e v e
s i l i c a - a l u m i n a c a t s : o l d e r - n a t a m o r p h , t h e n s y n t h a m o r p h , t h e n s y n t h c r y s t a s
"
s i e v e
i f S i n f e e d , d e p o s i t s o n c a t , t h e n o x i d i z e d u p o n r e g e n ( R 2 9 ) ; F l & m o v b e d C C ( R B I
i f S i n f e e d , d e p o s i t s o n c a t , t h e n o x i d i z e d u p o n r e g e n ( R 2 9 ) ; F l i m o v b e d C C ( R 8 1
W o x i d e p o s s i b l e c a t
' 4 1 ( R 4 8 )
'
W o x i d e p o s s i b l e c a t
' 4 1 ( R 4 8 )
p o s s i b l y i n f e e d ( c a t p o i s o n ) ( R 2 5 ) ; V o x i d e p o s s i b l e c a t
' 4 1 ( R 4 B ) ; F l t m o v b e d C C
( R^ l )
( m o v b e d C C ( R 8 1 )
Sl m o v b e d C C ( R 8 1 )
0 1 0 1 3 6 1 2 3 1 9 3 P O p o s s i b l y i n f e e d ( c a t p o i s o n ) ( R 2 5 ) ; V o x i d e p o s s i b l e c a t
' 4 1 ( R 4 8 ) ; F l t m o v b e d C C
0 1 0 1 3 6 1 2 3 1 9 3
1 2 3 1 9 3 P O S b c o mp o u n d s c a n b e a d d e d t o f e e d t o a v e r t p r o b l e m s f r o m l o l e v e l s N i , V ( R 2 5 )
1 2 3 1 9 3 P O S b c o mp o u n d s c a n b e a d d e d t o f e e d t o a v e r t p r o b l e m s f r o m l o l e v e l s N i , V ( R 2 5 1
1 2 3 1 9 3 P R s i l i c a - a l u m i n a c a t s : o l d e r - n a t a m o r p h , t h e n s y n t h a m o r p h , t h e n s y n t h c r y s t a s
"
s i e v e
1 2 3 1 9 3 P R s i l i c a - a l u m i n a c a t s : o l d e r - n a t a m o r p h , t h e n s y n t h a m o r p h , t h e n s y n t h c r y s t a s
"
s i e v e
1 2 3 1 9 3 P O b u r n o f f c o k e t o r e g e n c a t - C O c a n b e p r o d u c e d ( R 2 5 , R 3 4 ) ; c a t c r a c k i n g ( R 1 5 ) ; F l S
PO b u r n o f f c o k e t o r e g e n c a t
- C O c a n b e p r o d u c e d { R 2 5 , R3 4 ) ; c a t c r a c k i n g ( R 1 5 ) ; F l S
0 1 0 1 3 6 1 2 3 1 4 5 P O c h r o m i u m o x i d e s p o s s i b l e c a t f o r c - c r a c k i n g o r c
-
r e f o r m i n g ( R 4 8 ( 4 1 ) )
0 1 0 1 3 6 1 2 3 1 4 5 PO c h r o m i u m o x i d e s p o s s i b l e c a t f o r c - c r a c k i n g o r c
-
r e f o r m i n g ( R 4 8 ( 4 1 ) )
0 1 0 1 3 6 1 2 3 1 9 3 P O n a t c l a y (
" f i l t r o l " ) a s c a t ( R 4 9 ) ; c l a y a s c a t ( R 4 8 ) ; c a t s u p p o r t s ( R 3 4 )
0 1 0 1 3 6 1 2 3 1 9 3 PO n a t c l a y (
" f i l t r o l " ) a s c a t ( R 4 9 ) ; c l a y a s c a t ( R 4 8 ) ; c a t s u p p o r t s ( R 3 4 )
0 1 0 1 3 6 1 2 3 1 9 3 PO d e p o s i t s o n c a t ( R 2 5 ) ; F C C ( R 8 1 )
0 1 0 1 3 6 1 2 3 1 9 3 PO d e p o s i t s o n c a t ( R 2 5 ) ; F C C ( R 8 1 )
0 1 0 1 3 6 1 2 3 1 9 3 A C a l i p h a t i c s c a n b e c r a c k e d ( R 2 9 , R 1 5 )
0 1 0 1 3 6 1 2 3 1 9 3 A C a l i p h a t i c s c a n b e c r a c k e d ( R 2 9 , R 1 5 )
0 1 0 1 3 6 1 2 3 1 9 3 P O a r o m c a n b e c r a c k e d ( R 2 9 , R 1 5 , R 3 4 )
0 1 0 1 3 6 1 2 3 1 9 3 P O a r o m c a n b e c r a c k e d ( R 2 9 , R 1 5 , R 3 4 )
0 1 0 1 3 6 1 2 3 1 9 3 P O w i t h H 2 S r e m o v a l / r e c o v e r y ; c a t c r a c k i n g ( R 1 5 , R 3 4 ) ; F C C { R 8 1 )
0 1 0 1 3 6 1 2 3 1 9 3 PO w i t h H 2 S r e m o v a l / r e c o v e r y ; c a t c r a c k i n g ( R 1 5 , R 3 4 ) ; F C C ( R 8 1 )
0 1 0 1 3 6 1 2 3 1 4 5 P O c o m p o n e n t o f p o s s i b l e c a t b a u x i t e ' 4 1 ( R 4 8 )
0 1 0 1 3 6 1 2 3 1 4 5 P O c o m p o n e n t o f p o s s i b l e c a t b a u x i t e
'
4 1 ( R 4 8 )
0 1 0 1 3 6 1 2 3 1 9 3 P O C a t c r a c k i n g ( R 3 4 )
0 1 0 1 3 6 1 2 3 1 9 3 P O C a t c r a c k i n g ( R 3 4 )
0 1 0 1 3 6 1 2 3 1 9 3 P O C a t c r a c k i n g ( R 3 4 ) ; m o v b e d C C ( R 8 1 )
0 1 0 1 3 6 1 2 3 1 9 3 P O C a t c r a c k i n g ( R 3 4 ) ; m o v b e d C C ( R 8 1 )
2 1 2
2 1 2
2 1 2
2 1 2
2 1 2
s
"
( R 7 4 ,
2 1 2
s
" ( R 7 4 ,
2 1 2
)
2 1 2
)
2 1 2
2 1 2
2 1 2
( R 8 1 )
2 1 2
( R 8 1 )
2 1 2
2 1 2
2 2 0
s
"
( R 7 4 ,
2 2 0
s
"
( R 7 4 ,
2 2 0
M o v b e d
2 2 0
M o v b e d
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
s
"
( R 7 4 ,
2 2 0
G A 4 8 P o l y n u c A r o ra a t i c s 0 1 0 1 3 6 1 2 3 1 9 3
S A 4 8 P o l y n u c A r o ra a t i c s 0 1 0 1 3 6 1 2 3 1 9 3
G A 5 A mm o n i a 0 1 0 1 3 6 1 2 3 1 9 3
S A 5 A m m o n i a 0 1 0 1 3 6 1 2 3 1 9 3
G A 5 1 S i l i c a 0 1 0 1 3 6 1 2 3 1 9 3
R 2 5 ) ; p o s s i b l e c a t ( R 4 8 , R 3 4 )
S A 5 1 S i l i c a 0 1 0 1 3 6 1 2 3 1 9 3
R 2 5 ) ; p o s s i b l e c a t ( R 4 B , R 3 4 )
G A 5 4 S u l f u r d i o x i d e
,
o t h e r s u l f u r o x i d e s 0 1 0 1 3 6 1 2 3 1 9 3
S A 5 4 S u l f u r d i o x i d e , o t h e r s u l f u r o x i d e s 0 1 0 1 3 6 1 2 3 1 9 3
G A 5 7 T u n g s t e n c o m p o u n d s
S A 5 7 T u n g s t e n c o m p o u n d s
G A 5 8 V a n a d i u m C o m p o u n d s
S A S S V a n a d i u m C o n f o u n d s
G A 6 A n t i m o n y t r i c h l o r i d e
S A 6 A n t i m o n y t r i c h l o r i d e
G A l A l u m i n a
R 2 5 ) ; p o s s i b l e c a t ( R 4 8 , R 1 5 ) ; c a t s u p p
S A l A l u m i n a
R 2 5 ) ; p o s s i b l e c a t ( R 4 8 , R 1 5 ) ; c a t s u p p
G A l l C a r b o n M o n o x i d e
C C { R 8 1 )
S A l l C a r b o n M o n o x i d e
C C { R 8 1 )
G A 1 4 C l a y s
S A 1 4 C l a y s
G A 1 5 C o b a l t , C o c o m p o u n d s
S A 1 5 C o b a l t , C o c o m p o u n d s
G A 1 6 C o k e
S A 1 6 C o k e
G A 1 7 C o p p e r , C u c o m p o u n d s
S A I T C o p p e r , C u c o m p o u n d s
G A 2 6 A l i p h a t i c h y d r o c a r b o n s
S A 2 6 A l i p h a t i c h y d r o c a r b o n s
G A 2 7 A r o m a t i c h y d r o c a r b o n s
S A 2 7 A r o m a t i c h y d r o c a r b o n s
G A 3 A l i p h a t i c a m i n e s
S A 3 A l i p h a t i c a m i n e s
G A 3 1 H 2 S , S u l f u r c o m p o u n d s
S A 3 1 H 2 S
,
S u l f u r c o m p o u n d s
G A 3 3 K e t o n e s
S A 3 3 K e t o n e s
S A 3 8 M i n e r a l a n d L u b e O i l s
G A 3 9 Mo l y b d e n u m
S A 3 9 Mo l y b d e n u m
G A 4 A r o m a t i c a m i n e s
S A 4 A r o m a t i c a m i n e s
G A 4 0 N i c k e l
S A 4 0 N i c k e l
G A 4 3 P h e n o l
S A 4 3 P h e n o l
G A 4 8 Po l y n u c A r o m a t i c s
S A 4 8 P o l y n u c A r o m a t i c s
G A S A m m o n i a
S A S A m m o n i a
G A 5 1 S i l i c a
R 2 S ) ; p o s s i b l e c a t ( R 4 8 , R 3 4 )
S A S l S i l i c a
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 3 6
1 2 3 1 4 5
1 2 3 1 4 5
1 2 3 1 9 3
0 1 0 1 3 6 1 2 3 1 9 3
0 1 0 1 3 6
0 1 0 1 3 6
0 1 0 1 4 2
( R 3 4 )
0 1 0 1 4 3
( R 3 4 )
0 1 0 1 4 2
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
0 1 0 1 4 3 1 2 3 1 9 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 5 4
0 1 0 1 5 4
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
0 1 0 1 4 3 1 2 3 1 9 3
P R
PR
PO
PO
P R
P R
PO
PO
PO
PO
P O
P O
P O
P O
P R
P R
PO
PO
P O
P O
P O
P O
PO
PO
P O
PO
A C
A C
PO
PO
P O
P R
PO
PO
P O
PO
P R
P O
P O
P O
P O
P O
P O
P O
P O
P R
PR
P O
P R
PR
P R
C a t c r a c k i n g ( R3 4 )
C a t c r a c k i n g ( R3 4 )
C a t c r a c k i n g ( R3 4 ) ;
C a t c r a c k i n g ( R3 4 ) ;
F l
F l
& m o v b e d C C ( R 8 1 )
& m o v b e d C C ( R 8 1 )
s i l i c a - a l u m i n a c a t s : o l d e r - n a t a mo r p h , t h e n s y n t h a m o r p h , t h e n s y n t h c r y s t a s
"
s i e v e
s i l i c a - a l u m i n a c a t s : o l d e r - n a t a m o r p h , t h e n s y n t h a m o r p h , t h e n s y n t h c r y s t a s
"
s i e v e
i f S i n f e e d , d e p o s i t s o n c a t , t h e n o x i d i z e d u p o n r e g e n ( R 2 9 ) ; F l t m o v b e d C C ( R 8 1
i f S i n f e e d , d e p o s i t s o n c a t , t h e n o x i d i z e d u p o n r e g e n ( R 2 9 ) ; F l t m o v b e d C C ( R 8 1
W o x i d e p o s s i b l e c a t
" 4 1 ( R 4 8 )
W o x i d e p o s s i b l e c a t
' 4 1 ( R 4 8 )
p o s s i b l y i n f e e d ( c a t p o i s o n ) ( R 2 5 ) ; V o x i d e p o s s i b l e c a t
' 4 1 ( R 4 8 ) ; F l i m o v b e d C C
p o s s i b l y i n f e e d ( c a t p o i s o n ) ( R 2 5 ) ; V o x i d e p o s s i b l e c a t
' 4 1 ( R 4 8 ) ; F l & m o v b e d C C
S b c o m p o u n d s c a n b e a d d e d t o f e e d t o a v e r t p r o b l e m s f r o m l o l e v e l s N i , V ( R 2 5 )
S b c o m p o u n d s c a n b e a d d e d t o f e e d t o a v e r t p r o b l e m s f r o m l o l e v e l s N i , V ( R 2 5 )
s i l i c a - a l u m i n a c a t s : o l d e r - n a t a mo r p h , t h e n s y n t h a m o r p h , t h e n s y n t h c r y s t a s
"
s i e v e
s i l i c a - a l u m i n a c a t s : o l d e r - n a t a mo r p h , t h e n s y n t h a m o r p h , t h e n s y n t h c r y s t a s
"
s i e v e
b u r n o f f c o k e t o r e g e n c a t - C O c a n b e p r o d u c e d ( R 2 5 , R 3 4 ) ; c a t c r a c k i n g ( R 1 5 ) ; F 1 &
b u r n o f f c o k e t o r e g e n c a t
- C O c a n b e p r o d u c e d ( R 2 5 , R 3 4 | ; c a t c r a c k i n g ( R 1 5 ) ; F i t
n a t c l a y (
" f i l t r o l " ) a s c a t ( R 4 9 ) ; c l a y a s c a t ( R 4 8 ) ; c a t s u p p o r t s ( R3 4 )
n a t c l a y (
" f i l t r o l " ) a s c a t ( R 4 9 ) ; c l a y a s c a t ( R 4 8 ) ; c a t s u p p o r t s ( R3 4 )
F C C ( R 8 1 )
F C C ( R 8 1 )
d e p o s i t s o n c a t ( R 2 5 ) ; F C C ( R 8 1 )
d e p o s i t s o n c a t ( R 2 5 ) ; F CC ( R 8 1 )
m o v i n g b e d C C ( R 8 1 ) ; B U T c a t p o i s o n ( R 2 5 )
m o v i n g b e d C C ( R 8 1 ) ; B U T c a t p o i s o n ( R 2 5 )
a l i p h a t i c s c a n b e c r a c k e d ( R2 9 , R 1 5 |
a l i p h a t i c s c a n b e c r a c k e d ( R2 9 , R 1 5 )
a r o m c a n b e c r a c k e d ( R 2 9 , R 1 5 , R 3 4 )
a r o m c a n b e c r a c k e d { R 2 9 , R 1 5 , R 3 4 )
h y d r o d e s u l f u r i z a t i o n ( R 3 4 ) ; d i e t h a n o l a m i n e t o r e m o v e H 2 S ( R 2 5 )
R 6 8 ; h y d r o d e s u l f u r i z a t i o n { R 3 4 ) ; d i e t h a n o l a m i n e t o r e m o v e H 2 S ( R 2 5 )
w i t h H 2 S r e m o v a l / r e c o v e r y ; c a t c r a c k i n g ( R 1 5 , R 3 4 ) ; F C C ( R 8 1 )
w i t h H 2 S r e m o v a l / r e c o v e r y ; c a t c r a c k i n g ( R 1 5 , R 3 4 ) ; F C C ( R 8 1 )
F l u i d & M o v B e d C C ( R 8 1 )
F l u i d & M o v B e d CC ( R 8 1 )
R 6 8
F CC ( R 8 1 )
F C C ( R 8 1 )
C a t c r a c k i n g ( R 3 4 )
C a t c r a c k i n g ( R3 4 )
p o s s i b l y i n f e e d ( c a t p o i s o n )
p o s s i b l y i n f e e d ( c a t p o i s o n )
C a t c r a c k i n g ( R3 4 ) i
C a t c r a c k i n g ( R3 4 ) j
C a t c r a c k i n g ( R3 4 )
C a t c r a c k i n g ( R 3 4 )
C a t c r a c k i n g ( R 3 4 ) ;
C a t c r a c k i n g ( R 3 4 ) j
( R 2 5 ) ,
-
( R 2 5 ) ,-
m o v b e d C C ( R 8 1 )
m o v b e d C C ( R 8 1 )
F l £
F l i
M o v B e d C C { R 8 1 )
M o v B e d C C ( R 8 1 )
F l
F l
& m o v b e d C C ( R 8 1 )
& m o v b e d C C ( R 8 1 )
s i l i c a - a l u m i n a c a t s : o l d e r - n a t a mo r p h , t h e n s y n t h a m o r p h , t h e n s y n t h c r y s t a s
"
s i e v e
s i l i c a - a l u m i n a c a t s : o l d e r - n a t a m o r p h , t h e n s y n t h a m o r p h , t h e n s y n t h c r y s t a s
"
s i e v e
3
"
( R 7 4 , R 2 5 ) ; p o s s i b l e c a t ( R 4 8 , R 3 4 )
2 2 0 G A 5 4 S u l f u r d i o x i d e , o t h e r s u l f u r o x i d e s 0 1 0 1 4 2 1 2 3 1 9 3
2 2 0 S A 5 4 S u l f u r d i o x i d e , o t h e r s u l f u r o x i d e s
G A S S V a n a d i u m C o m p o u n d s
)
2 2 0
( R 8 1 )
2 2 0
( R 8 1 )
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 0
2 2 1
s
" ( R 7 4 ,
2 2 1
s
" ( R 7 4 ,
2 2 1
Mo v b e d
2 2 1
M o v b e d
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
s
"
( R 7 4 ,
2 2 1
s
" ( R 7 4 ,
2 2 1
)
2 2 1
)
0 1 0 1 4 3
0 1 0 1 4 2
C o c o m p o u n d s
C o c o m p o u n d s
S A 5 8 V a n a d i u m C o mp o u n d s
G A 5 9 Z i n c
S A 5 9 Z i n c
G A 6 A n t i m o n y t r i c h l o r i d e
S A 6 A n t i m o n y t r i c h l o r i d e
G A 7 3 G a s o l i n e C o m p o n e n t s
S A 7 3 G a s o l i n e C o m p o n e n t s
G A l A l u m i n a
R 2 5 ) ; p o s s i b l e c a t ( R 4 8 ,
S A l A l u m i n a
R 2 5 ) ; p o s s i b l e c a t ( R 4 8 ,
G A l l C a r b o n M o n o x i d e
C O { R 8 1 )
S A l l C a r b o n M o n o x i d e
C C ( R 8 1 )
G
S
G
S
G
S
G
S
G
S
G
S
G
S
G
S
G
S
S
G
S
G
S
G
S
G
S
G
S
G
S
G
R 1 5 ) ; c a t s u p p
R 1 5 ) ; c a t s u p p
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
( R 3 4 )
0 1 0 1 4 3
( R 3 4 )
0 1 0 1 4 2
A 1 4 C l a y s
A 1 4 C l a y s
A 1 5 C o b a l t
,
A 1 5 C o b a l t ,
A 1 6 C o k e
A i e C o k e
A 1 7 C o p p e r ,
A 1 7 C o p p e r ,
C u c o m p o u n d s
C u c o m p o u n d s
A 2 6 A l i p h a t i c h y d r o c a r b o n s
A 2 6 A l i p h a t i c h y d r o c a r b o n s
A 2 7 A r o m a t i c h y d r o c a r b o n s
A 2 7 A r o m a t i c h y d r o c a r b o n s
A 3 A l i p h a t i c a m i n e s
A 3 A l i p h a t i c a m i n e s
A 3 1 H 2 S , S u l f u r c o m p o u n d s
A 3 1 H 2 S , S u l f u r c o m p o u n d s
A 3 3 K e t o n e s
A 3 3 K e t o n e s
A 3 8 M i n e r a l a n d L u b e O i l s
A 3 9 M o l y b d e n u m
A 3 9 M o l y b d e n u m
A 4 A r o m a t i c a m i n e s
A 4 A r o m a t i c a m i n e s
A 4 0 N i c k e l
A 4 0 N i c k e l
A 4 3 Ph e n o l
A 4 3 Ph e n o l
P o l y n u c A r o m a t i c s
P o l y n u c A r o m a t i c s
A m m o n i a
A m m o n i a
A 5 1 S i l i c a
R 2 5 ) ; p o s s i b l e c a t ( R 4 8 , R 3 4 )
S A 5 1 S i l i c a
R 2 5 ) ; p o s s i b l e c a t ( R 4 8 , R 3 4 )
G A 5 4 S u l f u r d i o x i d e , o t h e r s u l f u r o x i d e s
A 4 8
A 4 8
A 5
A S
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 5 4
0 1 0 1 5 4
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
1 2 3 1 9 3
1 2 3 1 9 3
0 1 0 1 4 3 1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
0 1 0 1 4 3 1 2 3 1 9 3
S A 5 4 S u l f u r d i o x i d e , o t h e r s u l f u r o x i d e s 0 1 0 1 4 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
PO
PO
PO
P O
PO
PO
PO
PO
PO
PR
PR
PR
PO
P O
P O
P O
P O
P O
PO
P O
PO
PO
A C
A C
PO
P O
P O
P R
PR
P R
PO
P O
A C
P O
PO
PO
P O
P O
P O
P O
P O
P R
P R
P O
P R
P R
P R
P O
P O
i f S i n f e e d , d e p o s i t s o n c a t , t h e n o x i d i z e d u p o n r e g e n ( R 2 9 ) ; F l & m o v b e d CC ( R 8 1
i f S I n f e e d , d e p o s i t s o n c a t , t h e n o x i d i z e d u p o n r e g e n ( R 2 9 ) ; F l & m o v b e d C C ( R 8 1
p o s s i b l y i n f e e d ( c a t p o i s o n ) ( R 2 5 ) ; V o x i d e p o s s i b l e c a t
' 4 1 ( R 4 8 1 ; F l t m o v b e d C C
p o s s i b l y i n f e e d ( c a t p o i s o n ) ( R 2 5 ) ; V o x i d e p o s s i b l e c a t
' 4 1 (R 4 8 ) ; F l & m o v b e d C C
m o v b e d C C ( R 8 1 )
m o v b e d C C ( R 8 1 )
S b c o m p o u n d s c a n b e a d d e d t o f e e d t o a v e r t p r o b l e m s f r o m l o l e v e l s N i , V ( R 2 5 )
S b c o m p o u n d s c a n b e a d d e d t o f e e d t o a v e r t p r o b l e m s f r o m l o l e v e l s N i , V ( R 2 5 )
s i l i c a - a l u m i n a c a t s : o l d e r - n a t a m o r p h , t h e n s y n t h a mo r p h , t h e n s y n t h c r y s t a s
"
s i e v e
s i l i c a - a l u m i n a c a t s : o l d e r - n a t a m o r p h , t h e n s y n t h a mo r p h , t h e n s y n t h c r y s t a s
"
s i e v e
b u r n o f f c o k e t o r e g e n c a t
- C O c a n b e p r o d u c e d ( R 2 5 , R 3 4 ) ; o a t c r a c k i n g ( R 1 5 ) ; F l i
b u r n o f f c o k e t o r e g e n c a t - C O c a n b e p r o d u c e d ( R 2 5 , R 3 4 ) ; c a t c r a c k i n g ( R 1 5 ) ; F l i
c l a y a s c a t { R 4 8 ) ; c a t s u p p o r t s ( R 34 )
c l a y a s c a t ( R 4 8 ) ; c a t s u p p o r t s ( R 3 4 )
n a t c l a y (
" f i l t r o l " ) a s c a t ( R 4 9 ) ,
n a t c l a y (
" f i l t r o l " ) a s c a t ( R 4 9 ) ,
F C C ( R 8 1 )
F C C ( R 8 1 )
d e p o s i t s o n c a t ( R 2 5 ) ; F C C ( R 8 1 )
d e p o s i t s o n
.
c a t ( R 2 5 ) ; F C C ( R 8 1 )
m o v i n g b e d C C { R 8 1 ) ; B U T c a t p o i s o n ( R2 5 )
m o v i n g b e d C C ( R 8 1 ) ; BU T c a t p o i s o n ( R2 5 )
a l i p h a t l c s c a n b e c r a c k e d ( R 2 9 , R 1 5 )
a l l p h a t i c s c a n b e c r a c k e d ( R 2 9 , R 1 5 )
a r o ro c a n b e c r a c k e d ( R 2 9 , R1 5 , R 3 4 )
a r o m c a n b e c r a c k e d ( R 2 9 , R1 5 , R 3 4 )
h y d r o d e s u l f u r i z a t i o n ( R 3 4 ) ; d l e t h a n o l a m i n e t o r e m o v e H 2 S ( R 2 5 )
R 6 8 ; h y d r o d e s u l f u r i z a t i o n ( R 3 4 ) ; d l e t h a n o l a m i n e t o r e m o v e H 2 S ( R 2 5 )
w i t h H 2 S r e m o v a l / r e c o v e r y ; c a t c r a c k i n g ( R 1 5 , R 3 4 ) ; F C C ( R 8 1 )
w i t h H 2 S r e m o v a l / r e c o v e r y ; c a t c r a c k i n g ( R 1 5 , R 3 4 ) ; FC C ( R 8 1 )
F l u i d t M o v B e d C C ( R 8 1 )
F l u i d & M o v B e d C C ( R 8 1 )
R 6 8
F C C ( R 8 1 )
F C C ( R 8 1 )
C a t c r a c k i n g (R 3 4 )
C a t c r a c k i n g { R 3 4 )
p o s s i b l y i n f e e d ( c a t p o i s o n ) ( R 2 5 ) i
p o s s i b l y i n f e e d ( c a t p o i s o n ) { R 2 5 ) ; F l & M o v B e d CC ( R 8 1 )
C a t c r a c k i n g ( R 3 4 | ; m o v b e d C C ( R 8 1 )
C a t c r a c k i n g ( R 3 4 ) ; m o v b e d C C ( R 8 1 )
C a t c r a c k i n g ( R 3 4 )
C a t c r a c k i n g ( R 3 4 )
C a t c r a c k i n g ( R 3 4 ) ; F l & m o v b e d C C ( R 8 1 )
C a t c r a c k i n g ( R 3 4 ) ; F l & m o v b e d C C ( R 8 1 )
s i l i c a - a l u m i n a c a t s : o l d e r - n a t a m o r p h , t h e n s y n t h a m o r p h , t h e n s y n t h c r y s t a s
"
s i e v e
s i l i c a - a l u m i n a c a t s : o l d e r - n a t a m o r p h , t h e n s y n t h a m o r p h , t h e n s y n t h c r y s t a s
"
s i e v e
i f S i n f e e d , d e p o s i t s o n c a t , t h e n o x i d i z e d u p o n r e g e n ( R 2 9 ) ; F l & m o v b e d C C ( R 8 1
i f S i n f e e d , d e p o s i t s o n c a t , t h e n o x i d i z e d u p o n r e g e n ( R 2 9 ) ; F l & m o v b e d C C ( R 8 1
F l & M o v B e d C C ( R 8 1 )
2 2 1
( R 8 1 )
2 2 1
( R 8 1 )
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 1
2 2 2
s
" ( R 7 4 ,
2 2 2
s
" { R 7 4 ,
2 2 2
M o v b e d
2 2 2
M o v b e d
2 2 2
2 2 2
2 2 2
2 2 2
2 2 2
2 2 2
2 2 2
2 2 2
2 2 2
2 2 2
2 2 2
2 2 2
2 2 2
2 2 2
2 2 2
2 2 2
2 2 2
2 2 2
2 2 2
2 2 2
2 2 2
2 2 2
2 2 2
2 2 2
2 2 2
2 2 2
2 2 2
2 2 2
2 2 2
2 2 2
s
" ( R 7 4 ,
2 2 2
s
»
( R 7 4 ,
2 2 2
)
2 2 2
)
2 2 2
( R 8 1 )
2 2 2
( R B I )
2 2 2
2 2 2
2 2 2
G A 5 8 V a n a d i u m C o m p o u n d s 0 1 0 1 4 2
S A 5 8 V a n a d i u m C o m p o u n d s 0 1 0 1 4 3
G A 5 9 Z i n c 0 1 0 1 4 2
S A 5 9 Z i n c 0 1 0 1 4 3
G A 6 A n t i m o n y t r i c h l o r i d e 0 1 0 1 4 2
S A 6 A n t i m o n y t r i c h l o r i d e 0 1 0 1 4 3
G A 7 3 G a s o l i n e C o mp o n e n t s 0 1 0 1 4 2
S A 7 3 G a s o l i n e C o m p o n e n t s 0 1 0 1 4 3
G A l A l u m i n a 0 1 0 1 4 2
R 2 5 ) ; p o s s i b l e c a t (R 4 8 , R 1 5 ) ; c a t s u p p ( R 3 4 )
S A l A l u m i n a 0 1 0 1 4 3
R 2 5 ) ; p o s s i b l e c a t (R 4 8 , R 1 5 ) ; c a t s u p p ( R 3 4 )
G A l l C a r b o n Mo n o x i d e 0 1 0 1 4 2
C C ( R 8 1 )
S A l l C a r b o n Mo n o x i d e
C C ( R 8 1 )
G A 1 4 C l a y s 0 1 0 1 4 2
S A 1 4 C l a y s 0 1 0 1 4 3
G A 1 5 C o b a l t , C o c o m p o u n d s 0 1 0 1 4 2
S A 1 5 C o b a l t , C o c o mp o u n d s 0 1 0 1 4 3
G A 1 6 C o k e 0 1 0 1 4 2
S A 1 6 C o k e 0 1 0 1 4 3
G A 1 7 C o p p e r , C u c o mp o u n d s 0 1 0 1 4 2
S A 1 7 C o p p e r , C u c o mp o u n d s 0 1 0 1 4 3
G A 2 6 A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 4 2
S A 2 6 A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 4 3
G A 2 7 A r o m a t i c h y d r o c a r b o n s
"
0 1 0 1 4 2
S A 2 7 A r o m a t i c h y d r o c a r b o n s 0 1 0 1 4 3
G A 3 1 H 2 S , S u l f u r c o m p o u n d s 0 1 0 1 4 2
S A 3 1 H2 S , S u l f u r c o m p o u n d s 0 1 0 1 4 3
G A 3 3 Ke t o n e s 0 1 0 1 4 2
S A 3 3 Ke t o n e s 0 1 0 1 4 3
S A 3 B M i n e r a l a n d L u b e O i l s 0 1 0 1 4 3
G A 3 9 Mo l y b d e n u m 0 1 0 1 4 2
S A 3 9 Mo l y b d e n u m 0 1 0 1 4 3
G A 4 A r o m a t i c a m i n e s 0 1 0 1 4 2
S A 4 A r o m a t i c a m i n e s 0 1 0 1 4 3
G A 4 0 N i c k e l 0 1 0 1 4 2
S A 4 0 N i c k e l 0 1 0 1 4 3
G A 4 3 Ph e n o l 0 1 0 1 4 2
S A 4 3 Ph e n o l 0 1 0 1 4 3
G A 4 8 Po l y n u c A r o m a t l c s 0 1 0 1 4 2
S A 4 8 P o l y n u c A r o m a t l c s 0 1 0 1 4 3
G A 5 A mm o n i a 0 1 0 1 4 2
S A 5 A m m o n i a 0 1 0 1 4 3
G A 5 1 S i l i c a 0 1 0 1 4 2
R 2 5 ) ; p o s s i b l e c a t ( R 4 8 , R 3 4 )
S A 5 1 S i l i c a 0 1 0 1 4 3
R 2 5 ) ; p o s s i b l e c a t | R 4 8 , R 3 4 )
G A 5 4 Su l f u r d i o x i d e , o t h e r s u l f u r o x i d e s 0 1 0 1 4 2
S A 5 4 Su l f u r d i o x i d e , o t h e r s u l f u r o x i d e s 0 1 0 1 4 3
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 3 1 2 3 1 9 3
G A 5 6 V a n a d i u m C o m p o u n d s
S A 5 B V a n a d i u m C o m p o u n d s
G A 5 9 Z i n c
S A 5 9 Z i n c
G A 6 A n t i m o n y t r i c h l o r i d e
0 1 0 1 4 2
0 1 0 1 4 3
0 1 0 1 4 2
1 2 3 1 9 3 P O p o s s i b l y i n f e e d ( c a t p o i s o n ) ( R 2 5 ) ; V o x i d e p o s s i b l e c a t
' 4 1 ( R 4 8 ) ; F l S, m o v b e d C C
1 2 3 1 9 3 P O p o s s i b l y i n f e e d ( c a t p o i s o n ) ( R 2 5 ) ; V o x i d e p o s s i b l e c a t
' 4 1 ( R 4 8 ) ; F l i m o v b e d C C
1 2 3 1 9 3 P O m o v b e d C C ( R 8 1 )
1 2 3 1 9 3 PO m o v b e d C C ( R8 1 )
1 2 3 1 9 3 P O S b c o m p o u n d s c a n b e a d d e d t o f e e d t o a v e r t p r o b l e m s f r o m l o l e v e l s N i , V ( R 2 5 )
1 2 3 1 9 3 PO S b c o m p o u n d s c a n b e a d d e d t o f e e d t o a v e r t p r o b l e m s f r o m l o l e v e l s N i , V ( R 2 5 )
1 2 3 1 9 3 PO
1 2 3 1 9 3 PR
1 2 3 1 9 3 PR s i l i c a - a l u m i n a c a t s : o l d e r - n a t a m o r p h , t h e n s y n t h a ra o r p h , t h e n s y n t h c r y s t a s
"
s i e v e
1 2 3 1 9 3 P R s i l i c a - a l u m i n a c a t s : o l d e r - n a t a m o r p h , t h e n s y n t h a m o r p h , t h e n s y n t h c r y s t a s
"
s i e v e
1 2 3 1 9 3 PO b u r n o f f c o k e t o r e g e n c a t - CO c a n b e p r o d u c e d ( R 2 5 , R 3 4 ) ; c a t c r a c k i n g ( R 1 5 ) ; F I S
P O b u r n o f f c o k e t o r e g e n o a t - C O c a n b e p r o d u c e d ( R 2 5 , R 3 4 ) ; c a t c r a c k i n g ( R 1 5 ) ; F 1 &
1 2 3 1 9 3 PO n a t c l a y (
" f i l t r o l " ) a s c a t ( R 4 9 ) ; c l a y a s c a t ( R 4 8 ) ; c a t s u p p o r t s ( R 3 4 )
1 2 3 1 9 3 PO n a t c l a y (
" f i l t r o l " ) a s c a t ( R 4 9 ) ; c l a y a s c a t ( R 4 8 ) ; c a t s u p p o r t s ( R3 4 )
1 2 3 1 9 3 PO F C C ( R 8 1 )
1 2 3 1 9 3 PO F C C ( R 8 1 )
1 2 3 1 9 3 P O d e p o s i t s o n c a t ( R 2 5 ) ; F C C ( R 8 1 )
1 2 3 1 9 3 PO d e p o s i t s o n c a t ( R 2 5 ) ; F C C ( R 8 1 )
1 2 3 1 9 3 P O m o v i n g b e d C C ( R 8 1 ) ; B U T c a t p o i s o n ( R 2 5 )
1 2 3 1 9 3 PO m o v i n g b e d C C ( R 8 1 ) ; B U T c a t p o i s o n | R 2 5 )
1 2 3 1 9 3 A C a l i p h a t i c s c a n b e c r a c k e d ( R 2 9 , R 1 5 )
1 2 3 1 9 3 A C a l i p h a t i c s c a n b e c r a c k e d ( R 2 9 , R 1 5 )
1 2 3 1 9 3 P O a r o m c a n b e c r a c k e d ( R 2 9 , R 1 5 , R 3 4 )
1 2 3 1 9 3 PO a r o m c a n b e c r a c k e d ( R 2 9 , R 1 5 , R 3 4 )
1 2 3 1 9 3 P O w i t h H 2 S r e m o v a l / r e c o v e r y ; c a t c r a c k i n g ( R 1 5 , R 3 4 ) ; F C C ( R 8 1 )
1 2 3 1 9 3 PO w i t h H 2 S r e m o v a l / r e c o v e r y ; c a t c r a c k i n g ( R 1 5 , R 3 4 ) ; F C C ( R 8 1 )
1 2 3 1 9 3 PO F l u i d & M o v B e d C C ( R 8 1 )
1 2 3 1 9 3 P O F l u i d t M o v B e d C C ( R 8 1 )
1 2 3 1 9 3 P R R 6 8
1 2 3 1 9 3 P O F C C (R 8 1 )
1 2 3 1 9 3 PO F C C ( R 8 1 )
1 2 3 1 9 3 PO C a t c r a c k i n g ( R 3 4 )
1 2 3 1 9 3 PO C a t c r a c k i n g ( R 3 4 )
1 2 3 1 9 3 PO p o s s i b l y i n f e e d ( c a t p o i s o n ) ( R 2 5 ) ; F l t M o v B e d C C ( R 8 1 )
1 2 3 1 9 3 P O p o s s i b l y i n f e e d ( c a t p o i s o n ) ( R 2 5 ) ; F l i M o v B e d C C ( R 8 1 )
1 2 3 1 9 3 P O C a t c r a c k i n g { R 3 4 ) ; m o v b e d C C ( R 8 1 )
1 2 3 1 9 3 PO C a t c r a c k i n g ( R 3 4 ) ; m o v b e d C C ( R 8 1 )
1 2 3 1 9 3 PR C a t c r a c k i n g { R 3 4 )
1 2 3 1 9 3 PR C a t c r a c k i n g ( R 3 4 )
1 2 3 1 9 3 PO C a t c r a c k i n g ( R 3 4 ) ; F l I m o v b e d C C ( R 8 1 )
1 2 3 1 9 3 P r C a t c r a c k i n g { R 3 4 ) ; F l t m o v b e d C C ( R 8 1 )
1 2 3 1 9 3 PR s i l i c a - a l u m i n a c a t s : o l d e r - n a t a m o r p h , t h e n s y n t h a m o r p h , t h e n s y n t h c r y s t a s
"
s i e v e
1 2 3 1 9 3 PR s i l i c a - a l u m i n a c a t s : o l d e r - n a t a m o r p h , t h e n s y n t h a m o r p h , t h e n s y n t h c r y s t a s
"
s i e v e
1 2 3 1 9 3 PO i f S i n f e e d , d e p o s i t s o n c a t , t h e n o x i d i z e d u p o n r e g e n ( R 2 9 ) ; F l i mo v b e d C C ( R 8 1
1 2 3 1 9 3 PO i f S i n f e e d , d e p o s i t s o n c a t , t h e n o x i d i z e d u p o n r e g e n ( R 2 9 ) ; F l & mo v b e d C C ( R 8 1
1 2 3 1 9 3 PO p o s s i b l y i n f e e d ( c a t p o i s o n ) { R 2 5 ) ; V o x i d e p o s s i b l e c a t
' 4 1 ( R 4 B ) ; F l & m o v b e d C C
1 2 3 1 9 3 P O p o s s i b l y i n f e e d ( c a t p o i s o n ) ( R 2 5 ) ; V o x i d e p o s s i b l e c a t
' 4 1 ( R 4 8 ) ; F l t m o v b e d C C
1 2 3 1 9 3 P O m o v b e d C C ( R 8 1 )
1 2 3 1 9 3 P O m o v b e d C C ( R 8 1 )
1 2 3 1 9 3 PO S b c o m p o u n d s c a n b e a d d e d t o f e e d t o a v e r t p r o b l e m s f r o m l o l e v e l s N i , V ( R 2 5 )
2 2 2
2 2 2
2 2 2
3 0 0
3 0 0
3 0 0
3 0 0
3 0 0
3 0 0
3 0 0
3 0 0
3 0 0
3 0 0
3 0 0
3 0 0
3 0 0
3 0 0
u l f ( R l l )
3 0 0 S
u l f ( R l l )
3 0 0
3 0 0
3 0 0
3 0 0
3 0 0
3 0 0
3 0 0
3 0 0
3 1 0
3 1 0
3 1 0
3 1 0
3 1 0
3 1 0
3 1 0
3 1 0
3 1 0
3 1 0
3 1 0
3 1 0
3 1 0
3 1 0
3 1 0
3 1 0
3 1 0
3 1 0
3 2 0
3 2 0
3 2 0
3 2 0
3 2 0
3 2 0
3 2 0
3 2 0
3 2 0
u l f ( R l l )
3 2 0 S
u l f ( R l l )
4 0 0 G
4 0 0 S
4 0 0 G
4 0 0 S
A 6 A n t i m o n y t r i c h l o r i d e
A 7 3 G a s o l i n e C o mp o n e n t s
A 7 3 G a s o l i n e C o mp o n e n t s
A 1 5 C o b a l t , C o c o m p o u n d s
A 1 5 C o b a l t , C o c o m p o u n d s
A 1 6 C o k e
A 1 6 C o k e
A 1 6 C o k e
A 1 6 C o k e
A 1 6 C o k e
A 2 6 A l i p h a t i c h y d r o c a r b o n s
A 2 6 A l i p h a t i c h y d r o c a r b o n s
A 2 7 TVr o m a t i c h y d r o c a r b o n s
A 2 7 A r o m a t i c h y d r o c a r b o n s
A 3 1 H 2 S , S u l f u r c o m p o u n d s
A 3 1 H 2 S
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S u l f u r c o mp o u n d s
A 3 2 I r o n c o mp o u n d s
A 3 2 I r o n c o m p o u n d s
A 3 9 Mo l y b d e n u m
A 3 9 M o l y b d e n u m
A 4 0 N i c k e l
A 4 0 N i c k e l
A 4 8 Po l y n u c A r o m a t i c s
A 4 8 Po l y n u c A r o m a t i c s
A 5 8 V a n a d i u m C o m p o u n d s
A 5 8 V a n a d i u m C o m p o u n d s
A 1 5 C o b a l t , C o c o m p o u n d s
A 1 5 C o b a l t , C o c o m p o u n d s
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A 4 0 N i c k e l
A 4 0 N i c k e l
A 4 8 Po l y n u c A r o m a t i c s
A 4 8 P o l y n u c A r o m a t i c s
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A 3 2 I r o n c o mp o u n d s
A l l C a r b o n M o n o x i d e
A l l C a r b o n M o n o x i d e
A 1 5 C o b a l t , C o c o m p o u n d s
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u p t o 1 3 . 5 p p m i n c r u d e ( R 3 3 ) ; a s s u m e g o e s t o r e s i d
u p t o 1 3 . 5 p p m i n c r u d e ( R 3 3 ) ; a s s u m e g o e s t o r e s i d
v - b r e a k i n g d o e s n
' t p r o d u c e s u b s t a n t i a l c o k e ( R 2 9 )
d u r i n g 2 0
- 3 2 m a n y r e f i n u s e d t
-
c r a s c o k e r s ( R 6 1 )
v - b r e a k i n g d o e s n
' t p r o d u c e s u b s t a n t i a l c o k e ( R 2 9 )
d u r i n g 2 0
- 3 2 m a n y r e f i n u s e d t
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c r a s c o k e r s ( R 6 1 |
v - b r e a k l n g d o e s n ' t p r o d u c e s u b s t a n t i a l c o k e ( R 2 9 )
f e e d , p r o d u c t s ( R l l )
f e e d , p r o d u c t s ( R l l )
s o m e i n f e e d , p r o d u c t s ( R l l )
s o m e i n f e e d , p r o d u c t s ( R l l )
f o r m e d b y t h e r m c r ( R 6 1 ) ; S i n r e s i d u u m ( S i n c o k i n g ( R 2 5 , R 8 1 , R 1 5 ) )
f o r m e d b y t h e r m c r ( R 6 1 ) ; S i n r e s i d u u m ( S i n c o k i n g ( R 2 5 , R 8 1 , R 1 5 ) )
F e 2 0 3 p o s s i b l e c a t i n v a p o r p h a s e t h e r m a l c r a c k i n g i n 1 9 3 0 , u s e d b y t h e T e x a s c o , g
F e 2 0 3 p o s s i b l e c a t i n v a p o r p h a s e t h e r m a l c r a c k i n g i n 1 9 3 0 , u s e d b y t h e T e x a s c o , g
1 - 1 0 p p m i n c r u d e ( R 3 3 ) ; a s s u m e g o e s t o r e s i d
1 - 1 0 p p m i n c r u d e ( R 3 3 ) ; a s s u m e g o e s t o r e s i d
i n r e s i d u u m ( R 3 4 ) ; i n v a c u u m r e s i d u e
i n r e s i d u u m ( R 3 4 ) ; i n v a c u u m r e s i d u e
i n r e s i d l i k e c o k i n g
i n r e s i d l i k e c o k i n g
i n r e s i d u u m ( R 3 4 ) ; i n v a c u u m r e s i d u e
i n r e s i d u u m ( R 3 4 ) ; i n v a c u u m r e s i d u e
u p t o 1 3 . 5 p p m i n c r u d e ( R 3 3 ) ; a s s u m e g o e s t o r e s i d
u p t o 1 3 . 5 p p m i n c r u d e ( R 3 3 ) ; a s s u m e g o e s t o r e s i d
v - b r e a k i n g d o e s n
' t p r o d u c e s u b s t a n t i a l c o k e ( R 2 9 )
v - b r e a k i n g d o e s n
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t p r o d u c e s u b s t a n t i a l c o k e ( R 2 9 )
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f e e d
, p r o d u c t s
s o m e i n f e e d , p r o d u c t s
s o m e i n f e e d , p r o d u c t s
S i n r e s i d u u m ( S i n c o k i n g ( R 2 5 , R 8 1 , R 1 5 ) )
S I n r e s i d u u m ( S i n c o k i n g ( R 2 5 , R 8 1 , R 1 5 ) )
1 - 1 0 p p m i n c r u d e ( R 3 3 ) ; a s s u m e g o e s t o r e s i d
1 - 1 0 p p m i n c r u d e ( R 3 3 | ; a s s u m e g o e s t o r e s i d
i n r e s i d u u m (R 3 4 ) ; i n v a c u u m r e s i d u e ( R 1 2 )
i n r e s i d u u m (R 3 4 ) ; i n v a c u u m r e s i d u e ( R 1 2 )
i n r e s i d l i k e c o k i n g
i n r e s i d l i k e c o k i n g
i n r e s i d u u m ( R 3 4 ) ; i n v a c u u m r e s i d u e
i n r e s i d u u m ( R 3 4 ) ; i n v a c u u m r e s i d u e
( R 1 2 )
( R 1 2 )
( R 1 2 )
( R 1 2 )
( R 6 1 )
( R 6 1 I
( R 1 2 )
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G A 3 9 M o l y b d e n u m
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S A 4 0 N i c k e l
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S A 1 5 C o b a l t , C o c o mp o u n d s
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S A 1 6 C o k e
G A 2 6 A l i p h a t i c h y d r o c a r b o n s
S A 2 6 A l i p h a t i c h y d r o c a r b o n s
G A 2 7 A r o m a t i c h y d r o c a r b o n s
S A 2 7 A r o m a t i c h y d r o c a r b o n s
G A 3 A l i p h a t i c a m i n e s , a l k a n o a m i n e s
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S u l f u r c o m p o u n d s
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S A 3 3 K e t o n e s
G A 3 9 M o l y b d e n u m
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b y d e f i n i t i o n
b y d e f i n i t i o n
s o m e i n c o k e , m o s t I n o v e r h e a d ( R2 5 )
s o m e i n c o k e , m o s t I n o v e r h e a d ( R2 5 )
p o l y n u c l e a r a r o m a t i c s ( R 1 5 , R 3 4 )
p o l y n u c l e a r a r o m a t i c s ( R 1 5 , R 3 4 )
( f o r r e m o v i n g H 2 S ) ; ( h y d r o d e s u l f u r i z a t i o n ( R 3 4 ) ) ; d i e t h a n o l a m i n e t o r e m o v e H 2 S ( R2 5
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( R 8 1 ) ; 1 - 1 0 p p m i n c r u d e ( R 3 3 )
( R 8 1 ) ; 1 - 1 0 p p m i n c r u d e ( R 3 3 )
( R 8 1 ) ; i n r e s i d u u m ( R 3 4 ) ; i n v a c u u m r e s i d u e ( R1 2 )
( R 8 1 ) ; i n r e s i d u u m ( R 3 4 ) ; i n v a c u u m r e s i d u e ( R 1 2 )
( R 1 5 , R 3 4 )
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i n c o k e g a s ( R 2 5 , R 8 1 )
i n c o k e g a s ( R 2 5 , R 8 1 )
( R 8 1 )
( R 8 1 )
( R 8 1 ) ; i n r e s i d u u m ( R 3 4 ) ; i n v a c u u m r e s i d u e ( R 1 2 )
( R 8 1 ) ; i n r e s i d u u m ( R 3 4 ) ; i n v a c u u m r e s i d u e ( R 1 2 )
i n c o k e g a s { R 2 5 , R 8 1 , R 1 5 )
i n c o k e g a s ( R 2 5 , R 8 1 , R 1 5 )
( R 8 1 ) ; u p t o 1 3 . 5 p p m i n c r u d e ( R3 3 )
( R 8 1 ) ; u p t o 1 3 . 5 p p m i n c r u d e ( R3 3 )
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1 - 1 0 p p m i n c r u d e ( R 3 3 )
1 - 1 0 p p m i n c r u d e ( R 3 3 )
i n r e s i d u u m ( R 3 4 ) ; i n v a c u u m r e s i d u e ( R 1 2 )
i n r e s i d u u m ( R 3 4 ) ; i n v a c u u m r e s i d u e ( R 1 2 )
))
4 1 1 G A 1 6 Co k e 0 1 0 1 4 5 1 2 3 1 9 3
4 1 1 S A 1 6 C o k e 0 1 0 1 4 5 1 2 3 1 9 3
4 1 1 G A 2 6 A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 1 S A 2 6 A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 1 G A 2 7 A r o m a t i c h y d r o c a r b o n s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 1 S A 2 7 A r o m a t i c h y d r o c a r b o n s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 1 G A 3 A l i p h a t i c a m i n e s , a l k a n o a m l n e s 0 1 0 1 5 4 1 2 3 1 9 3
4 1 1 S A 3 A l i p h a t i c a m i n e s , a l k a n o a m l n e s 0 1 0 1 5 4 1 2 3 1 7 1
4 1 1 G A 3 1 H 2 S , S u l f u r c o mp o u n d s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 1 S A 3 1 H 2 S , S u l f u r c o mp o u n d s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 1 G A 3 3 K e t o n e s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 1 S A 3 3 K e t o n e s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 1 G A 3 9 Mo l y b d e n u m 0 1 0 1 4 5 1 2 3 1 9 3
4 1 1 S A 3 9 Mo l y b d e n u m 0 1 0 1 4 5 1 2 3 1 9 3
4 1 1 G A 4 0 N i c k e l 0 1 0 1 4 5 1 2 3 1 9 3
4 1 1 S A 4 0 N i c k e l 0 1 0 1 4 5 1 2 3 1 9 3
4 1 1 G A 4 8 Po l y n u c A r o m a t i c s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 1 S A 4 8 Po l y n u c A r o m a t i c s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 1 G A 5 Am m o n i a 0 1 0 1 4 5 1 2 3 1 9 3
4 1 1 S A 5 A m mo n i a 0 1 0 1 4 5 1 2 3 1 9 3
4 1 1 G A 5 4 S u l f u r d i o x i d e , o t h e r s u l f u r o x i d e s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 1 S A 5 4 S u l f u r d i o x i d e , o t h e r s u l f u r o x i d e s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 1 G A 5 8 V a n a d i u m C o m p o u n d s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 1 S A 5 8 V a n a d i u m C o m p o u n d s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 2 G A l l C a r b o n M o n o x i d e 0 1 0 1 4 5 1 2 3 1 9 3
4 1 2 S A l l C a r b o n M o n o x i d e 0 1 0 1 4 5 1 2 3 1 9 3
4 1 2 G A 1 5 C o i a a l t , C o c o mp o u n d s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 2 S A 1 5 C o b a l t , Co c o m p o u n d s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 2 G A 1 6 C o k e 0 1 0 1 4 5 1 2 3 1 9 3
4 1 2 S A 1 6 C o k e 0 1 0 1 4 5 1 2 3 1 9 3
4 1 2 G A 2 6 A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 2 S A 2 6 A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 2 G A 2 7 A r o m a t i c h y d r o c a r b o n s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 2 S A 2 7 A r o m a t i c h y d r o c a r b o n s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 2 G A 3 1 H 2 S , S u l f u r c o mp o u n d s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 2 S A 3 1 H 2 S , Su l f u r c o mp o u n d s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 2 G A 3 3 K e t o n e s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 2 S A 3 3 K e t o n e s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 2 G A 3 9 Mo l y b d e n u m 0 1 0 1 4 5 1 2 3 1 9 3
4 1 2 S A 3 9 Mo l y b d e n u m 0 1 0 1 4 5 1 2 3 1 9 3
4 1 2 G A 4 0 N i c k e l 0 1 0 1 4 5 1 2 3 1 9 3
4 1 2 S A 4 0 N i c k e l 0 1 0 1 4 5 1 2 3 1 9 3
4 1 2 G A 4 8 P o l y n u c A r o m a t i c s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 2 S A 4 8 Po l y n u c A r o m a t i c s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 2 G A 5 Am m o n i a 0 1 0 1 4 5 1 2 3 1 9 3
4 1 2 S A 5 Am m o n i a 0 1 0 1 4 5 1 2 3 1 9 3
4 1 2 G A 5 4 S u l f u r d i o x i d e , o t h e r s u l f u r o x i d e s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 2 S A 5 4 S u l f u r d i o x i d e , o t h e r s u l f u r o x i d e s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 2 G A 5 8 V a n a d i u m C o m p o u n d s 0 1 0 1 4 5 1 2 3 1 9 3
4 1 2 S A 5 8 V a n a d i u m C o m p o u n d s 0 1 0 1 4 5 1 2 3 1 9 3
4 2 0 G A l l C a r b o n M o n o x i d e 0 1 0 1 3 2 1 2 3 1 9 3
4 2 0 S A l l C a r b o n M o n o x i d e 0 1 0 1 3 2 1 2 3 1 9 3
4 2 0 G A 1 5 C o b a l t , C o c o m p o u n d s 0 1 0 1 3 2 1 2 3 1 9 3
4 2 0 S A 1 5 C o b a l t , C o c o m p o u n d s 0 1 0 1 3 2 1 2 3 1 9 3
4 2 0 G A 1 6 C o k e 0 1 0 1 3 2 1 2 3 1 9 3
4 2 0 S A 1 6 C o k e 0 1 0 1 3 2 1 2 3 1 9 3
4 2 0 G A 2 6 A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 3 2 1 2 3 1 9 3
4 2 0 S A 2 6 A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 3 2 1 2 3 1 9 3
4 2 0 G A 2 7 A r o m a t i c h y d r o c a r b o n s 0 1 0 1 3 2 1 2 3 1 9 3
4 2 0 S A 2 7 A r o m a t i c h y d r o c a r b o n s 0 1 0 1 3 2 1 2 3 1 9 3
A C
A C
A C
A C
P O
P O
P O
PO
A C
A C
PO
PO
PO
PO
P O
P O
A C
A C
PR
A C
PO
P O
P O
PO
PR
PR
PO
PO
A C
A C
A C
A C
PO
P O
P R
PR
PO
P O
P O
PO
PO
P O
A C
A C
P R
PR
PO
P O
P O
PO
P R
P R
P O
P O
A C
A C
A C
A C
P O
PO
b y d e f i n i t i o n
b y d e f i n i t i o n
s o m e I n c o k e , m o s t I n o v e r h e a d ( R 2 5 )
s o m e i n c o k e , m o s t i n o v e r h e a d ( R 2 5 )
p o l y n u c l e a r a r o m a t i c s ( R 1 5 , R 3 4 )
p o l y n u c l e a r a r o m a t i c s ( R I S , R 3 4 )
( f o r r e m o v i n g H 2 S ) ; ( h y d r o d e s u l f u r l z a t l o n ( R 3 4 ) ) ; d i e t h a n o l a m l n e t o r e mo v e H 2 S ( R 2 5
( f o r r e m o v i n g H 2 S ) ; ( h y d r o d e s u l f u r l z a t l o n ( R 3 4 ) ) ; d i e t h a n o l a m l n e t o r e mo v e H 2 S ( R 2 5
H 2 S , C O S i n c o k e g a s ( R 2 5 ,
H 2 S , C O S i n c o k e g a s ( R 2 5 ,
? ( R 8 1 )
? ( R 8 1 )
( R 8 1 ) ;
( R 8 1 ) ;
( R 8 1 ) ;
( R 8 1 ) ;
( R 1 5 , R 3 4 )
( R 1 5 , R 3 4 )
i n c o k e g a s
i n c o k e g a s
( R 8 1 )
( R S I )
( R 8 1 ) ;
( R 8 1 ) ;
R 8 1 , R 1 5 ) ; s o m e S I n c o k e , g a s o i l ( R 2 5 )
R 8 1
,
R 1 5 ) ; s o m e S i n c o k e , g a s o i l { R 2 5 )
1 - 1 0 p p m I n c r u d e
1 - 1 0 p p m i n c r u d e
i n r e s i d u u m ( R 3 4 ) ;
i n r e s i d u u m ( R 3 4 ) ;
I
( R 3 3 )
( R 3 3 )
i n v a c u u m r e s i d u e ( R 1 2 )
i n v a c u u m r e s i d u e ( R 1 2 )
( R 2 5 ,
( R 2 5 ,
R 8 1 )
R 8 1 )
i n r e s i d u u m ( R 3 4 ) ;
I n r e s i d u u m ( R 3 4 ) ;
I n c o k e g a s ( R 2 5 , R 8 1 , R l
i n c o k e g a s ( R 2 5 , R 8 1 , R l
( R 8 1 ) ; u p t o 1 3 . 5 p p m i n
( R 8 1 ) ; u p t o 1 3 . 5 p p m i n
b y d e f i n i t i o n
b y d e f i n i t i o n
s o m e i n c o k e
,
m o s t I n o v e
s o m e i n c o k e , m o s t I n o v e
p o l y n u c l e a r a r o m a t i c s ( R l
p o l y n u c l e a r a r o m a t i c s ( R l
H 2 S , C O S I n c o k e g a s ( R 2 5
H 2 S , C O S i n c o k e g a s ( R 2 5
? ( R 8 1 )
? (R 8 1 )
( R 8 1 ) ;
( R 8 1 ) ;
( R 8 1 ) ;
( R 8 1 ) ;
( R 1 5 , R 3 4 )
( R 1 5 , R 3 4 )
i n c o k e g a s ( R 2 5 , R 8 1 )
i n c o k e g a s | R 2 5 , R 8 1 )
( R 8 1 )
( R 8 1 )
{ R 8 1 ) ;
{ R 8 1 ) ;
i n v a c u u m r e s i d u e ( R 1 2 )
I n v a c u u m r e s i d u e ( R 1 2 )
5 1
5 )
;
c r u d e ( R 3 3 )
c r u d e ( R 3 3 )
1 - 1 0 p p m i n c r u d e
1 - 1 0 p p m i n c r u d e
i n r e s i d u u m ( R 3 4 ) ;
i n r e s i d u u m ( R 3 4 ) ;
r h e a d ( R 2 5 )
r h e a d ( R 2 5 )
5
, R 3 4 I
5
, R 3 4 )
, R 8 1 , R 1 5 ) ; s o m e S I n c o k e , g a s o i l ( R 2 5 |
, R 8 1 , R 1 5 ) ; s o m e S i n c o k e , g a s o i l ( R 2 5 )
( R 3 3 )
( R 3 3 )
i n v a c u u m r e s i d u e ( R 1 2 )
i n v a c u u m r e s i d u e ( R 1 2 )
i n r e s i d u u m ( R 3 4 ) ;
i n r e s i d u u m ( R3 4 ) ;
i n c o k e g a s ( R 2 5 , R 8 1 , R l
i n c o k e g a s ( R 2 5 , R 8 1 , R l
( R 8 1 ) ; u p t o 1 3 . 5 p p m i n
( R 8 1 ) ; u p t o 1 3 . 5 p p m i n
b y d e f i n i t i o n
b y d e f i n i t i o n
s o m e i n c o k e , m o s t i n o v e r h e a d ( R 2 5 )
s o m e i n c o k e , mo s t i n o v e r h e a d ( R 2 5 |
p o l y n u c l e a r a r o m a t i c s ( R 1 5 , R 3 4 )
p o l y n u c l e a r a r o m a t i c s 1R 1 5 , R 3 4 )
i n v a c u u m r e s i d u e ( R 1 2 )
I n v a c u u m r e s i d u e ( R 1 2 )
5 )
5 )
c r u d e ( R 3 3 )
c r u d e ( R 3 3 )
4 2 0 G A 3 A l i p h a t i c a m i n e s , a l k a n o a m l n e s
)
4 2 0
I
4 2 0
2 S ( R 2 5
4 2 0
4 2 0
4 2 0
4 2 0
4 2 0
4 2 0
4 2 0
4 2 0
4 2 0
4 2 0
4 2 0
4 2 0
4 2 0
4 2 0
4 2 0
4 2 0
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
)
4 2 1
)
4 2 1
2 S ( R 2 5
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
4 2 1
S A 3 A l i p h a t i c a m i n e s , a l k a n o a m l n e s
S A 3 A l i p h a t i c a m i n e s , a l k a n o a m l n e s
G A 3 1 H 2 S , Su l f u r c o m p o u n d s
S A 3 1 H 2 S , S u l f u r c o m p o u n d s
G A 3 3 K e t o n e s
S A 3 3 K e t o n e s
G A 3 9 M o l y b d e n u m
S A 3 9 Mo l y b d e n u m
G A 4 0 N i c k e l
S A 4 0 N i c k e l
G A 4 8 Po l y n u c A r o m a t l c s
S A 4 8 Po l y n u c A r o m a t l c s
G A 5 A m m o n i a
S A 5 A m m o n i a
G A 5 4 S u l f u r d i o x i d e , o t h e r s u l f u r o x i d e s
S A 5 4 S u l f u r d i o x i d e , o t h e r s u l f u r o x i d e s
G A 5 8 V a n a d i u m C o m p o u n d s
S A 5 8 V a n a d i u m C o mp o u n d s
G A l l C a r b o n M o n o x i d e
S A l l C a r b o n M o n o x i d e
S A l l C a r b o n M o n o x i d e
G A 1 5 C o b a l t , C o c o m p o u n d s
S A 1 5 C o b a l t , C o c o m p o u n d s
S A 1 5 C o b a l t , C o c o m p o u n d s
G A 1 6 C o k e
S A 1 6 Co k e
S A 1 6 C o k e
G A 2 6 A l i p h a t i c h y d r o c a r b o n s
S A 2 6 A l i p h a t i c h y d r o c a r b o n s
S A 2 6 A l i p h a t i c h y d r o c a r b o n s
G A 2 7 A r o m a t i c h y d r o c a r b o n s
S A 2 7 A r o m a t i c h y d r o c a r b o n s
5 A 2 7 A r o m a t i c h y d r o c a r b o n s
6 A 3 A l i p h a t i c a m i n e s , a l k a n o a m l n e s
S A 3 A l i p h a t i c a m i n e s , a l k a n o a m l n e s
S A 3 A l i p h a t i c a m i n e s , a l k a n o a m i n e s
)
G A 3 1 H 2 S , S u l f u r c o mp o u n d s
S A 3 1 H 2 S , S u l f u r c o mp o u n d s
S A 3 1 H 2 S , S u l f u r c o mp o u n d s
G A 3 3 K e t o n e s
S A 3 3 K e t o n e s
S A 3 3 K e t o n e s
G A 3 9 M o l y b d e n u m
S A 3 9 M o l y b d e n u m
S A 3 9 M o l y b d e n u m
G A 4 0 N i c k e l
S A 4 0 N i c k e l
S A 4 0 N i c k e l
G A 4 8 Po l y n u c A r o m a t i c s
S A 4 8 Po l y n u c A r o m a t i c s
S A 4 8 P o l y n u c A r o m a t i c s
G A 5 A m mo n i a
S A 5 A m mo n i a
3 A 5 A m mo n i a
G A 5 4 S u l f u r d i o x i d e , o t h e r s u l f u r o x i d e s
0 1 0 1 5 4 1 2 3 1 9 3 PO
0 1 0 1 5 4 1 2 3 1 7 1 PO
0 1 0 1 9 0 1 2 3 1 9 3 A C
0 1 0 1 3 2
0 1 0 1 3 2
0 1 0 1 3 2
0 1 0 1 3 2
0 1 0 1 3 2
0 1 0 1 3 2
0 1 0 1 3 2
0 1 0 1 3 2
0 1 0 1 3 2
0 1 0 1 3 2
0 1 0 1 3 2
0 1 0 1 3 2
0 1 0 1 3 2
0 1 0 1 3 2
0 1 0 1 3 2
0 1 0 1 3 2
0 1 0 1 3 2
0 1 0 1 3 2
0 1 0 1 9 0
0 1 0 1 3 2
0 1 0 1 3 2
0 1 0 1 9 0
0 i 6 l 3 2
0 1 0 1 3 2
0 1 0 1 9 0
0 1 0 1 3 2
0 1 0 1 3 2
0 1 0 1 9 0
0 1 0 1 3 2
0 1 0 1 3 2
0 1 0 1 9 0
0 1 0 1 5 4
0 1 0 1 3 2
0 1 0 1 3 2
0 1 0 1 9 0
0 1 0 1 3 2
0 1 0 1 3 2
0 1 0 1 9 0
0 1 0 1 3 2
0 1 0 1 3 2
0 1 0 1 9 0
0 1 0 1 3 2
0 1 0 1 3 2
0 1 0 1 9 0
0 1 0 1 3 2
0 1 0 1 3 2
0 1 0 1 9 0
0 1 0 1 3 2
0 1 0 1 3 2
0 1 0 1 9 0
0 1 0 1 3 2
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 7 1
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 7 1
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 7 1
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 7 1
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 7 1
1 2 3 1 9 3
1 2 3 1 9 3
0 1 0 1 5 4 1 2 3 1 7 1
0 1 0 1 9 0 1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 7 1
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 7 1
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 7 1
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 7 1
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 7 1
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 7 1
1 2 3 1 9 3
1 2 3 1 9 3
PR
A C
PO
PO
PO
PO
PO
PO
A C
A C
PR
PR
PO
P O
PO
P O
P R
P R
P R
P O
PO
PO
A C
A C
A C
A C
A C
A C
PO
P O
PO
PO
PO
A C
PR
PR
A C
P O
P O
PO
PO
PO
PO
PO
PO
PO
A C
A C
A C
P R
PR
A C
P O
( f o r r e m o v i n g H 2 S ) ; ( h y d r o d e s u l f u r i z a t i o n ( R 3 4 ) ) ; d i e t h a n o l a m i n e t o r e m o v e H 2 S ( R 2 5
( f o r r e m o v i n g H 2 S ) ; ( h y d r o d e s u l f u r i z a t i o n ( R 3 4 ) ) ; d i e t h a n o l a m i n e t o r e m o v e H 2 S ( R 2 5
( f o r r e mo v i n g H 2 S ) ; ( h y d r o d e s u l f u r i z a t i o n (R 3 4 ) ) ; ( R 6 8 ) ; d i e t h a n o l a m i n e t o r e m o v e H
1 - 1 0 p p m i n c r u d e ( R 3 3 )
1 - 1 0 p p m i n c r u d e ( R 3 3 i
i n r e s i d u u m
i n r e s i d u u m
R 3 4 )
( R 3 4 ) ;
{ R 3 4 ) ;
i n v a c u u m r e s i d u e
i n v a c u u m r e s i d u e
H 2 S , C O S i n c o k e g a s ( R 2 5 , R 8 1 , R 1 5 ) ;
H 2 S , C O S i n c o k e g a s ( R 2 5 , R 8 1 , R 1 5 ) ;
7 ( R 8 1 )
7 ( R 8 1 )
t R 8 1 ) ;
( R 8 1 ) ;
( R 8 1 ) ;
( R 8 1 ) ;
( R 1 5 ,
( R 1 5 , R 3 4 )
i n c o k e g a s
i n c o k e g a s
( R 8 1 )
( R 8 1 )
( R 8 1 ) ;
( R 8 1 ) ;
i n c o k e g a s ( R 2 5 ,
i n c o k e g a s ( R 2 5 ,
i n c o k e g a s ( R 2 5 ,
( R 8 1 ) ; u p t o 1 3 . 5 p p m i n c r u d e ( R 3 3 )
( R 8 1 ) ; u p t o 1 3 . 5 p p m i n c r u d e ( R 3 3 )
( R 8 1 ) ; u p t o 1 3 . 5 p p m i n c r u d e ( R 3 3 1
s o m e S i n c o k e , g a s o i l
s o m e S i n c o k e , g a s o i l
( R 2 5 )
( R 2 5 )
( R 1 2 )
( R 1 2 )
( R2 5 , R8 1 )
( R2 5 , R 8 1 )
i n r e s i d u u m ( R 3 4 ) ;
i n r e s i d u u m ( R 3 4 ) ;
R B I , R 1 5 )
R 8 1 , R 1 5 )
R 8 1 , R 1 5 )
i n
i n
v a c u u m r e s i d u e
v a c u u m r e s i d u e
( R 1 2 )
( R 1 2 )
b y d e f i n i t i o n
b y d e f i n i t i o n
b y d e f i n i t i o n
s o m e i n c o k e , m o s t I n o v e r h e a d ( R 2 5 )
s o m e i n c o k e , m o s t i n o v e r h e a d ( R 2 5 )
s o m e i n c o k e , m o s t i n o v e r h e a d ( R 2 5 )
p o l y n u c l e a r a r o m a t i c s ( R 1 5 , R 3 4 )
p o l y n u c l e a r a r o m a t i c s ( R 1 5 , R 3 4 )
p o l y n u c l e a r a r o m a t i c s ( R 1 5 , R 3 4 )
( f o r r e m o v i n g H 2 S ) ; ( h y d r o d e s u l f u r i z a t i o n ( R 3 4 ) ) ; d l e t h a n o l a m i n e t o r e mo v e H 2 S ( R 2 5
( f o r r e m o v i n g H 2 S ) ; ( h y d r o d e s u l f u r i z a t i o n ( R 3 4 ) ) ; d l e t h a n o l a m i n e t o r e mo v e H 2 S ( R 2 5
( f o r r e mo v i n g H 2 S | ; ( h y d r o d e s u l f u r i z a t i o n (R 3 4 ) ) ; ( R 6 8 ) ; d l e t h a n o l a m i n e t o r e m o v e H
H 2 S , C O S i n c o k e g a s ( R 2 5 , R 8 1 , R 1 5 ) ; s o m e S i n c o k e , g a s o i l ( R 2 5 )
H 2 S , C O S i n c o k e g a s ( R 2 5 , R 8 1 , R 1 5 ) ; s o m e S i n c o k e , g a s o i l ( R 2 5 )
H 2 S , C O S i n c o k e g a s ( R 2 5 , R 8 1 , R 1 5 ) ; s o m e S i n c o k e , g a s o i l ( R 2 5 )
7 ( R 8 1 )
7 ( R 8 1 )
? ( R 8 1 )
( R 8 1 )
( R 8 1 )
( R 8 1 )
( R 8 1 )
( R 8 1 )
( R 8 1 )
1 - 1 0 p p m i n c r u d e ( R 3 3 )
1 - 1 0 p p m i n c r u d e ( R 3 3 )
1 - 1 0 p p m i n c r u d e ( R 3 3 )
i n r e s i d u u m ( R 3 4 ) ; i n v a c u u m r e s i d u e ( R 1 2 )
i n v a c u u m r e s i d u e ( R 1 2 )
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0 1 0 1 3 5 1 2 3 1 9 3 P O w a x , o i l
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0 1 0 1 3 5 1 2 3 1 9 3 P O B e n z e n e a n d t o l u e n e u s e d
0 1 0 1 3 5 1 2 3 1 9 3 A C M I B K
0 1 0 1 3 5 1 2 3 1 9 3 A C M I B K
0 1 0 1 3 5 1 2 3 1 9 3 P R p r o b a b l e f e e d , e x t r a c t
0 1 0 1 3 5 1 2 3 1 9 3 P R p r o b a b l e f e e d , e x t r a c t
0 1 0 1 3 5 1 2 3 1 9 3 P O u s u a l r e f r i g e r a n t i n 5 9
0 1 0 1 3 5 1 2 3 1 9 3 P O u s u a l r e f r i g e r a n t i n 5 9
0 1 0 1 3 5 1 2 3 1 9 3 P O s o l v e n t
0 1 0 1 3 5 1 2 3 1 9 3 P O s o l v e n t
0 1 0 1 3 5 1 2 3 1 9 3 P O s o l v e n t
0 1 0 1 3 5 1 2 3 1 9 3 P O s o l v e n t
0 1 0 1 3 5 1 2 3 1 9 3 P O u s u a l r e f r i g e r a n t i n 8 4
0 1 0 1 3 5 1 2 3 1 9 3 PO u s u a l r e f r i g e r a n t i n 8 4
0 1 0 1 3 5 1 2 3 1 9 3 P O w a x , o i l
0 1 0 1 3 5 1 2 3 1 9 3 P O w a x , o i l
0 1 0 1 3 5 1 2 3 1 9 3 A C M I B K
0 1 0 1 3 5 1 2 3 1 9 3 A C M I B K
0 1 0 1 3 5 1 2 3 1 9 3 P R p r o b a b l e f e e d , e x t r a c t
0 1 0 1 3 5 1 2 3 1 9 3 P R p r o b a b l e f e e d , e x t r a c t
0 1 0 1 3 5 1 2 3 1
*
9 3 P O u s u a l r e f r i g e r a n t I n 5 9
0 1 0 1 3 5 1 2 3 1 9 3 PO u s u a l r e f r i g e r a n t i n 5 9
0 1 0 1 3 5 1 2 3 1 9 3 P O u s u a l r e f r i g e r a n t i n 8 4
0 1 0 1 3 5 1 2 3 1 9 3 PO u s u a l r e f r i g e r a n t i n 8 4
0 1 0 1 3 5 1 2 3 1 9 3 PO w a x
,
o i l
0 1 0 1 3 5 1 2 3 1 9 3 PO w a x , o i l
0 1 0 1 3 5 1 2 3 1 9 3 A C b e n z e n e
0 1 0 1 3 5 1 2 3 1 9 3 A C b e n z e n e
0 1 0 1 3 5 1 2 3 1 9 3 A C M I B K
0 1 0 1 3 5 1 2 3 1 9 3 A C M I B K
0 1 0 1 3 5 1 2 3 1 9 3 PR p r o b a b l e f e e d , e x t r a c t
0 1 0 1 3 5 1 2 3 1 9 3 P R p r o b a b l e f e e d , e x t r a c t
0 1 0 1 3 5 1 2 3 1 9 3 P O u s u a l r e f r i g e r a n t i n 5 9
0 1 0 1 3 5 1 2 3 1 9 3 P O u s u a l r e f r i g e r a n t i n 5 9
0 1 0 1 3 5 1 2 3 1 9 3 A C s o l v e n t
0 1 0 1 3 5 1 2 3 1 9 3 A C s o l v e n t
0 1 0 1 3 5 1 2 3 1 9 3 P O u s u a l r e f r i g e r a n t i n 8 4
0 1 0 1 3 5 1 2 3 1 9 3 PO u s u a l r e f r i g e r a n t i n 8 4
0 1 0 1 3 5 1 2 3 1 9 3 P O w a x , o i l
0 1 0 1 3 5 1 2 3 1 9 3 P O w a x , o i l
0 1 0 1 3 5 1 2 3 1 9 3 A C t o l u e n e
0 1 0 1 3 5 1 2 3 1 9 3 A C t o l u e n e
0 1 0 1 3 5 1 2 3 1 9 3 A C M I B K
0 1 0 1 3 5 1 2 3 1 9 3 A C M I B K
0 1 0 1 3 5 1 2 3 1 9 3 P R p r o b a b l e f e e d , e x t r a c t
0 1 0 1 3 5 1 2 3 1 9 3 P R p r o b a b l e f e e d , e x t r a c t
0 1 0 1 3 5 1 2 3 1 9 3 P O u s u a l r e f r i g e r a n t i n 5 9
0 1 0 1 3 5 1 2 3 1 9 3 P O u s u a l r e f r i g e r a n t i n 5 9
0 1 0 1 3 5 1 2 3 1 9 3 A C s o l v e n t
0 1 0 1 3 5 1 2 3 1 9 3 A C s o l v e n t
0 1 0 1 3 5 1 2 3 1 9 3 P O u s u a l r e f r i g e r a n t I n 8 4
0 1 0 1 3 5 1 2 3 1 9 3 P O u s u a l r e f r i g e r a n t i n 8 4
0 1 0 1 2 7 1 2 3 1 9 3 P O w a x , o i l
0 1 0 1 2 7 1 2 3 1 9 3 P O w a x , o i l
( R 4 9 )
( R 4 9 )
u s e d i n 8 4 ( R 2 5 )
u s e d i n 8 4 ( R 2 5 )
( R 2 5 | ; p o s s i b l e
( R 2 5 ) ; p o s s i b l e
a s s o l v e n t s
a s s o l v e n t s
; ME K - T o l
"
u s u a l s o l v e n t " i n 5 9 | R 4 9 )
; ME K - T o l " u s u a l s o l v e n t " i n 5 9 ( R 4 9 )
r e f r i g e r a n t i n 5 9 ( R 4 9 )
r e f r i g e r a n t i n 6 9 ( R 4 9 )
( R 4 9 )
( R 4 9 )
( R2 5 ) ; p o s s i b l e
( R 2 5 ) ; p o s s i b l e
r e f r i g e r a n t i n 5 9 ( R 4 9 )
r e f r i g e r a n t i n 5 9 ( R 4 9 )
( R 4 9 )
( R 4 9 )
( R 2 5 ) ; p o s s i b l e
( R 2 5 ) ; p o s s i b l e
r e f r i g e r a n t i n 5 9 ( R 4 9 )
r e f r i g e r a n t i n 5 9 ( R 4 9 )
( R 4 9 )
( R 4 9 )
( R 2 5 ) ; p o s s i b l e
( R 2 5 ) ; p o s s i b l e
r e f r i g e r a n t i n 5 9 ( R 4 9 )
r e f r i g e r a n t i n 5 9 ( R 4 9 )
( R 4 9 I
( R 4 9 )
( R 2 5 ) ; p o s s i b l e
( R 2 5 ) ; p o s s i b l e
r e f r i g e r a n t I n 5 9 ( R 4 9 )
r e f r i g e r a n t i n 5 9 ( R 4 9 )
1 4 3 0
1 4 3 0
1 4 3 0
1 4 3 0
1 4 3 0
1 4 3 0
1 4 3 0
1 4 3 0
1 4 3 0
1 4 3 0
1 4 3 0
1 4 3 0
1 4 3 1
1 4 3 1
1 4 3 1
1 4 3 1
1 4 3 1
1 4 3 1
1 4 3 1
1 4 3 1
1 4 3 1
1 4 3 1
1 4 3 2
1 4 3 2
1 4 3 2
1 4 3 2
1 4 3 2
1 4 3 2
1 4 3 2
1 4 3 2
1 4 3 2
1 4 3 2
1 4 3 2
1 4 3 2
1 4 3 2
1 4 3 2
1 4 4 0
1 4 4 0
1 4 4 0
1 4 4 0
1 4 4 0
1 4 4 0
1 4 4 0
1 4 4 0
1 4 4 0
1 4 4 0
1 5 0 0
1 5 0 0
1 5 0 0
1 5 0 0
1 5 0 0
u s e d
1 5 0 0
u s e d
1 5 0 0
1 5 0 0
1 5 0 0
1 5 0 0
1 5 0 0
a x i n g
1 5 0 0
a x i n g
G A 2 7 A r o m a t i c h y d r o c a r b o n s
S A 2 7 A r o m a t i c h y d r o c a r b o n s
G A 3 3 K e t o n e s
S A 3 3 K e t o n e s
G A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
S A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
G A 5 A mm o n i a
S A 5 A m mo n i a
G A 6 5 B e n z e n e
S A 6 5 B e n z e n e
G A 7 1 P r o p a n e
S A 7 1 P r o p a n e
G A 2 6 A l i p h a t i c h y d r o c a r b o n s
S A 2 6 A l i p h a t i c h y d r o c a r b o n s
G A 3 3 K e t o n e s
S A 3 3 K e t o n e s
G A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
S A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
G A 5 A mmo n i a
S A 5 A mmo n i a
G A 7 1 P r o p a n e
S A 7 1 P r o p a n e
G A 2 6 A l i p h a t i c h y d r o c a r b o n s
S A 2 6 A l i p h a t i c h y d r o c a r b o n s
G A 2 7 A r o m a t i c h y d r o c a r b o n s
S A 2 7 A r o m a t i c h y d r o c a r b o n s
G A 3 3 K e t o n e s
S A 3 3 K e t o n e s
G A 3 B M i n e r a l a n d L u b r i c a t i n g O i l s
S A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
G A 5 A mm o n i a
S A 5 A mm o n i a
G A 6 5 B e n z e n e
S A 6 5 B e n z e n e
G A 7 1 P r o p a n e
A 7 1 P r o p a n e
A 2 6 A l i p h a t i c h y d r o c a r b o n s
A 2 6 A l i p h a t i c h y d r o c a r b o n s
A 3 3 K e t o n e s
A 3 3 K e t o n e s
G A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
S A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
G A 5 A mmo n i a
S A 5 A mm o n i a
G A 7 1 P r o p a n e
S A 7 1 P r o p a n e
G A 1 5 C o b a l t , C o c o m p o u n d s
S A 1 5 C o b a l t , C o c o m p o u n d s
G A 1 6 C o k e
S A 1 6 C o k e
G A 2 3 F u r f u r a l
8 4 ( R 2 5 ) ; i n c r e a s i n g u s e ( i n 4 1 )
S A 2 3 F u r f u r a l
8 4 ( R 2 5 ) ; i n c r e a s i n g u s e ( i n 4 1 )
G A 2 6 A l i p h a t i c h y d r o c a r b o n s
S A 2 6 A l i p h a t i c h y d r o c a r b o n s
G A 2 7 A r o m a t i c h y d r o c a r b o n s
S A 2 7 A r o m a t i c h y d r o c a r b o n s
G A 2 8 C h l o r i n a t e d h y d r o c a r b o n s
( R 4 9 ) ; T C E u s e d i n l u b e d e w a x i n g | R 4 9 ) ;
S A 2 8 C h l o r i n a t e d h y d r o c a r b o n s
( R 4 9 ) ; T C E u s e d i n l u b e d e w a x i n g ( R 4 9 ) ;
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1 2 3 1 9 3
1 2 3 1 9 3
0 1 0 1 2 7 1 2 3 1 9 3
0 1 0 1 2 7 1 2 3 1 9 3
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0 1 0 1 2 7 1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
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l u b e o i l p r o c e s s i n g
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P O
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P O
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P O
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P O
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A c e t o n e
A c e t o n e
p r o b a b l e f e e d , e x t r a c t
p r o b a b l e f e e d , e x t r a c t
u s u a l r e f r i g e r a n t i n 5 9 { R 4 9 )
u s u a l r e f r i g e r a n t i n 5 9 ( R 4 9 )
p o s s i b l e s o l v e n t
p o s s i b l e s o l v e n t
u s u a l r e f r i g e r a n t i n 8 4 ( R 2 5 ) ;
u s u a l r e f r i g e r a n t i n 8 4 ( R 2 5 ) ;
w a x
,
o i l
w a x , o i l
A c e t o n e
A c e t o n e
p r o b a b l e f e e d , e x t r a c t
p r o b a b l e f e e d , e x t r a c t
u s u a l r e f r i g e r a n t i n 5 9 ( R 4 9 )
u s u a l r e f r i g e r a n t i n 5 9 ( R 4 9 )
u s u a l r e f r i g e r a n t i n 8 4 ( R 2 5 ) ;
u s u a l r e f r i g e r a n t i n 8 4 { R 2 5 ) ;
w a x
,
o i l
w a x , o i l
b e n z e n e
b e n z e n e
A c e t o n e
A c e t o n e
p r o b a b l e f e e d , e x t r a c t
p r o b a b l e f e e d , e x t r a c t
u s u a l r e f r i g e r a n t i n 5 9 ( R 4 9 )
u s u a l r e f r i g e r a n t i n 5 9 ( R 4 9 )
1 s t p r o c e s s B
-
a c e t o n e ( R 2 9 , R 4 8 )
1 s t p r o c e s s B
-
a c e t o n e ( R2 9 , R 4 8 )
u s u a l r e f r i g e r a n t i n 8 4 ( R 2 5 ) ;
u s u a l r e f r i g e r a n t i n 8 4 | R 2 5 ) ;
w a x , o i l
w a x , o i l
M B K
M B K
p r o b a b l e f e e d , e x t r a c t
p r o b a b l e f e e d , e x t r a c t
u s u a l r e f r i g e r a n t i n 5 9 ( R 4 9 )
u s u a l r e f r i g e r a n t i n 5 9 ( R 4 9 )
u s u a l r e f r i g e r a n t i n 8 4 ( R 2 5 ) ;
u s u a l r e f r i g e r a n t i n 8 4 ( R 2 5 ) ;
T c o n t a m i n c r u d e
T o o n t a m i n c r u d e
p o s s i b l e r e f r i g e r a n t i n 5 9 ( R 4 9 )
p o s s i b l e r e f r i g e r a n t i n 5 9 ( R 4 9 )
p o s s i b l e r e f r i g e r a n t i n 5 9 ( R 4 9 )
p o s s i b l e r e f r i g e r a n t i n 5 9 ( R 4 9 )
p o s s i b l e r e f r i g e r a n t i n 5 9 { R 4 9 )
p o s s i b l e r e f r i g e r a n t i n 5 9 ( R 4 9 )
( R 3 3 ) ;
( R 3 3 ) ;
p o s s i b l e r e f r i g e r a n t i n 5 9 ( R 4 9 )
p o s s i b l e r e f r i g e r a n t i n 5 9 ( R 4 9 )
l u b e o i l p r o c e s s i n g ( R 8 1 )
l u b e o i l p r o c e s s i n g ( R 8 1 )
C i n v a c u u m r e s i d u e - d e a s p h a l t i n g f e e d ( R 1 2 ) ; l u b e o i l p r o c e s s i n g ( R 8 1 )
C i n v a c u u m r e s i d u e - d e a s p h a l t i n g f e e d ( R 1 2 ) ; l u b e o i l p r o c e s s i n g ( R 8 1 )
m o s t c o m mo n s o l v f o r l u b e o i l e x t r a c t i o n ( i n 5 9 ) , d e v e l T e x a c o ( R 2 9 , R 4 9 ) ; o n e o f 3
m o s t c o m mo n s o l v f o r l u b e o i l e x t r a c t i o n ( i n 5 9 ) , d e v e l T e x a c o ( R 2 9 , R 4 9 ) ; o n e o f 3
f e e d , r a f f i n a t e ( R 2 9 )
f e e d , r a f f i n a t e ( R 2 9 )
s o l v e n t s , e x t r a c t ( R 2 9 , R 4 9 ) ; l u b e o i l m a n u f a c t u r e ( R 1 5 )
s o l v e n t s , e x t r a c t ( R 2 9 , R 4 9 ) ; l u b e o i l m a n u f a c t u r e ( R 1 5 )
d i c h l o r o e t h y l e t h e r p o s s i b l e s o l v e n t ( R 2 9 , R 4 e ) ; e t h y l e n e d i c h l o r i d e i n b a r i s o l d e w
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,
S u l f u r c o m p o u n d s
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S A 3 1 H 2 S , S u l f u r c o m p o u n d s
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G A 3 7 N - M e t h y l - 2 p y r r o l l d o n e
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1 5 0 0
S A 3 7 N - M e t h y l
- 2 p y r r o l i d o n e
R 3 4 ) ; N M P u n i t a t S T A R a t l e a s t s i n c e
G A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
S A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
G A 3 9 M o l y b d e n u m
S A 3 9 M o l y b d e n u m
G A 4 0 N i c k e l
S A 4 0 N i c k e l
G A 4 3 Ph e n o l
o f 3 u s e d 8 4 ( R 2 5 ) ; r e m o v e a r o m a t i c s
S A 4 3 Ph e n o l
o f 3 u s e d 8 4 ( R 2 5 ) ; r e m o v e a r o m a t i c s
G A 4 8 P o l y n u c A r o m a t i c s
S A 4 8 Po l y n u c A r o m a t i c s
G A 5 A m m o n i a
S A 5 A m mo n i a
G A 5 2 C a u s t i c s
S A 5 2 C a u s t i c s
G A 5 8 V a n a d i u m C o m p o u n d s
S A S S V a n a d i u m C o m p o u n d s
G A 6 5 B e n z e n e
b a r l s o l f o r d e w a x i n g ( R 4 9 ) ; l u b e
1 5 0 0 S A 6 5 B e n z e n e
b a r i s o l f o r d e w a x i n g
o i l p r o c e s s i n g
l u b e o i l p r o c e s s i n g( R 4 9 )
1 5 0 0 G A 7 1 P r o p a n e
1 5 0 0 S A 7 1 P r o p a n e
1 5 0 0 G A 7 4 C r e s y l i c A c i d
1 5 0 0 S A 7 4 C r e s y l i c A c i d
1 5 0 0 G A 9 A s p h a l t s , A s p h a l t f u m e s . P i t c h
1 5 0 0 S A 9 A s p h a l t s , A s p h a l t f u m e s . P i t c h
1 5 1 0 G A 2 6 A l i p h a t i c h y d r o c a r b o n s
1 5 1 0 S A 2 6 A l i p h a t i c h y d r o c a r b o n s
1 5 1 0 G A 2 7 A r o m a t i c h y d r o c a r b o n s
1 5 1 0 S A 2 7 A r o m a t i c h y d r o c a r b o n s
1 5 1 0 G A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
1 5 1 0 S A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
1 5 1 0 G A 4 3 Ph e n o l
1 o n e o f 3 u s e d 8 4 ( R2 5 ) ; r e m o v e a r o m a t i c s
1 5 1 0 S A 4 3 P h e n o l
1 o n e o f 3 u s e d 8 4 ( R 2 5 ) ; r e m o v e a r o m a t i c s
1 5 1 0 G A 4 8 P o l y n u c A r o m a t i c s
1 5 1 0 S A 4 8 Po l y n u c A r o m a t i c s
1 5 2 0 G A 2 6 A l i p h a t i c h y d r o c a r b o n s
1 5 2 0 S A 2 6 A l i p h a t i c h y d r o c a r b o n s
1 5 2 0 G A 2 7 A r o m a t i c h y d r o c a r b o n s
1 5 2 0 S A 2 7 A r o m a t i c h y d r o c a r b o n s
1 5 2 0 G A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
1 5 2 0 S A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
1 5 2 0 G A 4 3 Ph e n o l
1 o n e o f 3 u s e d 8 4 ( R 2 5 t j r e m o v e a r o m a t i c s
1 5 2 0 S A 4 3 Ph e n o l
1 o n e o f 3 u s e d 8 4 ( R 2 5 ) ; r e m o v e a r o m a t i c s
1 5 2 0 G A 4 8 P o l y n u c A r o m a t i c s
1 5 2 0 S A 4 8 P o l y n u c A r o m a t i c s
0 1 0 1 3 0 1 2 3 1 9 3
0 1 0 1 3 0 1 2 3 1 9 3
0 1 0 1 3 3 1 2 3 1 9 3
0 1 0 1 3 5 1 2 3 1 9 3
0 1 0 1 6 0 1 2 3 1 9 3
0 1 0 1 8 4 1 2 3 1 9 3
• 9 4 ( R 6 8 )
0 1 0 1 3 0 1 2 3 1 9 3
0 1 0 1 3 0 1 2 3 1 9 3
0 1 0 1 3 3 1 2 3 1 9 3
0 1 0 1 3 5 1 2 3 1 9 3
0 1 0 1 3 3 1 2 3 1 9 3
0 1 0 1 3 5 1 2 3 1 9 3
0 1 0 1 3 0 1 2 3 1 9 3
f r o m l u b e s ( R 1 5 ) ; l u b e
0 1 0 1 3 0 1 2 3 1 9 3
f r o m l u b e s ( R 1 5 ) ; l u b e
0 1 0 1 3 0 1 2 3 1 9 3
0 1 0 1 3 0 1 2 3 1 9 3
0 1 0 1 3 3 1 2 3 1 9 3
0 1 0 1 3 5 1 2 3 1 9 3
0 1 0 1 3 3 1 2 3 1 9 3
0 1 0 1 3 5 1 2 3 1 9 3
0 1 0 1 3 3 1 2 3 1 9 3
0 1 0 1 3 5 1 2 3 1 9 3
0 1 0 1 3 0 1 2 3 1 9 3
( R 8 1 , R 1 5 )
0 1 0 1 3 0 1 2 3 1 9 3
( R 8 1 , R 1 5 )
0 1 0 1 3 0 1 2 3 1 9 3
0 1 0 1 3 0 1 2 3 1 9 3
0 1 0 1 3 0 1 2 3 1 9 3
0 1 0 1 3 0 1 2 3 1 9 3
0 1 0 1 3 3 1 2 3 1 9 3
0 1 0 1 3 5 1 2 3 1 9 3
0 1 0 1 3 0 1 2 3 1 9 3
0 1 0 1 3 0 1 2 3 1 9 3
0 1 0 1 3 0 1 2 3 1 9 3
0 1 0 1 3 0 1 2 3 1 9 3
0 1 0 1 3 0 1 2 3 1 9 3
0 1 0 1 3 0 1 2 3 1 9 3
0 1 0 1 3 0 1 2 3 1 9 3
f r o m l u b e s ( R 1 5 ) ; l u b e
0 1 0 1 3 0 1 2 3 1 9 3
f r o m l u b e s ( R 1 5 ) ; l u b e
0 1 0 1 3 0 1 2 3 1 9 3
0 1 0 1 3 0 1 2 3 1 9 3
0 1 0 1 3 0 1 2 3 1 9 3
0 1 0 1 3 0 1 2 3 1 9 3
0 1 0 1 3 0 1 2 3 1 9 3
0 1 0 1 3 0 1 2 3 1 9 3
0 1 0 1 3 0 1 2 3 1 9 3
0 1 0 1 3 0 1 2 3 1 9 3
0 1 0 1 3 0 1 2 3 1 9 3
f r o m l u b e a ( R 1 5 ) ; l u b e
0 1 0 1 3 0 1 2 3 1 9 3
f r o m l u b e s ( R 1 5 ) ; l u b e
0 1 0 1 3 0 1 2 3 1 9 3
0 1 0 1 3 0 1 2 3 1 9 3
PO S i n v a c u u m r e s i d u e ( f e e d - d e a s p h a l t l n g ) ( R 1 2 ) ; DMS O p o s s i b l e s o l v e n t ; l u b e o i l p r o c
PO S i n v a c u u m r e s i d u e ( f e e d - d e a s p h a l t i n g ) ( R 1 2 ) ; DM SO p o s s i b l e s o l v e n t ; l u b e o i l p r o c
PO i r o n b a f f l e s i n e x t r a c t i o n t o w e r - p r o p a n e d e a s p h a l t l n g ( R 2 5 )
PO i r o n b a f f l e s i n e x t r a c t i o n t o w e r - p r o p a n e d e a s p h a l t l n g ( R 2 S )
PO o n e o f 3 s o l v u s e d 8 4 ; r e p l a c e d p h e n o l b / c o f S & H c o n c e r n s ( R 2 5 ) ; l u b e o i l m a n u f a c t
PO o n e o f 3 s o l v u s e d 8 4 ; r e p l a c e d p h e n o l b / c o f S i H c o n c e r n s ( R 2 5 ) ; l u b e o i l m a n u f a c t
f e e d , r a f f i n a t e ( R 2 9 )
f e e d , r a f f i n a t e ( R 2 9 )
c o n t a m i n c r u d e ( R 3 3 ) ; l u b e o i l p r o c e s s i n g ( R 8 1 )
c o n t a m i n c r u d e ( R 3 3 ) ; l u b e o i l p r o c e s s i n g ( R 8 1 )
i n v a c u u m r e s i d u e - f e e d , d e a s p h a l t ,i n g ( R 1 2 ) ; l u b e o i l p r o c e s s i n g ( R 8 1 )
i n v a c u u m r e s i d u e - f e e d , d e a s p h a l t l n g ( R 1 2 ) ; l u b e o i l p r o c e s s i n g ( R 8 1 )
p h 1 s t c o mm e r c
' l p r o c e s s ( R 4 9 ) ; i n p h e n o l , D u o
- S o l p r o c e s s e s ( R 2 9 , R 4 8 , R 4 9 ) ; p h e n o
e x t r a c t ( R 2 9 ) ; l u b e o i l p r o c e s s i n g ( R 3 4 )
e x t r a c t ( R 2 9 ) ; l u b e o i l p r o c e s s i n g ( R 3 4 )
( N i n v a c u u m r e s i d u e / d e a s p h a l t i n g f e e d ( R 1 2 ) ) ; l u b e o i l p r o c e s s i n g ( R 8 1 , R 3 4 )
( N i n v a c u u m r e s i d u e / d e a s p h a l t i n g f e e d ( R 1 2 ) ) ; l u b e o i l p r o c e s s i n g ( R S I , R 3 4 )
p r o p a n e d e w a x i n g s o l v c a u s t i c ( o r b u t a n e ) w a s h e d t o s w e e t e n ( 4 1 ) ( R 4 8 )
p r o p a n e d e w a x i n g s o l v c a u s t i c ( o r b u t a n e ) w a s h e d t o s w e e t e n ( 4 1 ) ( R 4 8 )
i n d e a s p h a l t l n g f e e d f r o m v a c c u u m ( R 1 2 ) ; l u b e o i l p r o c e s s i n g (R 8 1 )
i n d e a s p h a l t l n g f e e d f r o m v a c c u u m ( R 1 2 ) ; l u b e o i l p r o c e s s i n g ( R 8 1 )
n i t r o b e n z e n e p o s s i b l e s o l v e n t ( R 2 9 , R 4 8 ) ; n i t r o b h a s n o t f o u n d f a v o r ( R 4 9 ) ; u s e d i n
n i t r o b e n z e n e p o s s i b l e s o l v e n t ( R 2 9 , R 4 8 ) ; n i t r o b h a s n o t f o u n d f a v o r ( R 4 9 ) ; u s e d i n
u s e d i n p r o p a n e a n d d u o - s o l p r o c e s s e s ( R 2 9 , R 4 8 , R 4 9 )
u s e d i n p r o p a n e a n d d u o - s o l p r o c e s s e s ( R 2 9 , R 4 8 , R 4 9 )
A C
A C
PO
PO
PO
P O
PO
o i l ( R 3 4 )
PO p h 1 s t c o mm e r c
' l p r o c e s s ( R 4 9 ) ; i n p h e n o l , D u o - S o l p r o c e s s e s ( R 2 9 , R 4 8 , R 4 9 ) ; p h e n o
o i l ( R 3 4 )
PO
P O
PO
PO
PO
P O
PO
P O
PO
PO
P O
P O
PO
PO
PO
PO
A C
A C
A C
A C
A C
A C
A C
o i l (
A C
o i l (
PO
PO
A C
A C
A C
A C
A C
A C
A C
o i l (
A C
o i l (
PO
PO
u s e d I n d u o - s o l p r o c e s s ( R 2 9 , R 4 8 , R 4 9 )
u s e d i n d u o - s o l p r o c e s s ( R 2 9 , R 4 8 , R 4 9 )
I n d e a s p h a l t l n g f e e d a n d r a f f i n a t e ( R 1 2 )
i n d e a s p h a l t l n g f e e d a n d r a f f i n a t e ( R 1 2 )
f e e d , r a f f i n a t e ( R 2 9 )
f e e d , r a f f i n a t e ( R 2 9 )
s o l v e n t s , e x t r a c t ( R 2 9 , R 4 9 ) ; l u b e o i l m a n u f a c t u r e ( R 1 5 )
s o l v e n t s , e x t r a c t ( R 2 9 , R 4 9 ) ; l u b e o i l m a n u f a c t u r e ( R 1 5 )
f e e d , r a f f i n a t e ( R 2 9 )
f e e d , r a f f i n a t e ( R 2 9 )
p h 1 s t c o m m e r c
' l p r o c e s s ( R 4 9 ) ; i n p h e n o l ,
R 3 4 )
p h 1 s t c o m m e r c
' l p r o c e s s ( R 4 9 ) ; i n p h e n o l ,
R 3 4 )
e x t r a c t ( R 2 9 ) ; l u b e o i l p r o c e s s i n g ( R 3 4 )
e x t r a c t ( R 2 9 ) ; l u b e o i l p r o c e s s i n g ( R 3 4 )
f e e d , r a f f i n a t e ( R 2 9 )
f e e d , r a f f i n a t e ( R 2 9 )
s o l v e n t s
,
e x t r a c t ( R 2 9 ,
s o l v e n t s , e x t r a c t ( R 2 9 ,
f e e d , r a f f i n a t e ( R 2 9 )
f e e d , r a f f i n a t e ( R 2 9 )
p h 1 s t c o m m e r c
' l p r o c e s s ( R 4 9 ) ; i n p h e n o l ,
R 3 4 )
p h 1 s t c o mm e r c
' l p r o c e s s ( R 4 9 ) ; i n p h e n o l ,
R 3 4 )
e x t r a c t ( R 2 9 ) ; l u b e o i l p r o c e s s i n g ( R 3 4 )
e x t r a c t ( R 2 9 ) ; l u b e o i l p r o c e s s i n g ( R 3 4 )
Du o - S o l p r o c e s s e s ( R 2 9 , R 4 8 , R 4 9 ) ; p h e n o
Du o - S o l p r o c e s s e s ( R 2 9 , R 4 8 , R 4 9 ) ; p h e n o
R 4 9 ) ; l u b e o i l m a n u f a c t u r e ( R 1 5 )
R 4 9 ) ; l u b e o i l m a n u f a c t u r e ( R 1 5 )
D u o - S o l p r o c e s s e s ( R 2 9 , R 4 B , R 4 9 ) ; p h e n o
Du o - S o l p r o c e s s e s ( R 2 9 , R 4 8 , R 4 9 ) ; p h e n o
1 5 2 0
1 5 2 0
1 5 2 0
1 5 2 0
1 5 3 0
u s e d 8
1 5 3 0
u s e d 8
1 5 3 0
1 5 3 0
1 5 3 0
1 5 3 0
1 5 3 0
1 5 3 0
1 5 3 0
1 5 3 0
1 5 4 0
1 5 4 0
1 5 4 0
1 5 4 0
1 5 4 0
1 5 4 0
1 5 4 0
1 5 4 0
1 5 4 0
1 5 4 0
1 5 5 0
1 5 5 0
1 5 5 0
1 5 5 0
1 5 5 0
1 5 5 0
1 5 5 0
1 5 5 0
1 5 6 0
1 5 6 0
1 5 6 0
1 5 6 0
1 5 6 0
1 5 6 0
1 5 6 0
1 5 6 0
1 5 6 0
1 5 6 0
1 5 6 0
1 5 6 0
1 5 7 0
1 5 7 0
1 5 7 0
1 5 7 0
1 5 7 0
1 5 7 0
1 5 7 0
1 5 7 0
1 5 7 0
e a s i n g
1 5 7 0
e s s i n g
1 5 7 0
1 5 7 0
1 5 7 0
1 5 7 0
G A 7 1 P r o p a n e
S A 7 1 P r o p a n e
G A 7 4 C r e s y l l c A c i d
S A 7 4 C r e s y l l c A c i d
G A 2 3 F u r f u r a l
4 ( R 2 5 ) ; I n c r e a s i n g u s e ( i n 4 1 ) ( R 4 8 ) ;
S A 2 3 F u r f u r a l
4 ( R 2 5 ) ; i n c r e a s i n g u s e ( i n 4 1 ) ( R 4 8 ) ;
G A 2 6 A l i p h a t i c h y d r o c a r b o n s
S A 2 6 A l i p h a t i c h y d r o c a r b o n s
G A 2 7 A r o m a t i c h y d r o c a r b o n s
S A 2 7 A r o m a t i c h y d r o c a r b o n s
G A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
S A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
G A 4 8 Po l y n u c A r o m a t i c s
S A 4 B Po l y n u c A r o m a t i c s
G A 2 6 A l i p h a t i c h y d r o c a r b o n s
S A 2 6 A l i p h a t i c h y d r o c a r b o n s
G A 2 7 A r o m a t i c h y d r o c a r b o n s
S A 2 7 A r o m a t i c h y d r o c a r b o n s
G A 3 1 H 2 S , S u l f u r c o m p o u n d s
S A 3 1 H 2 S , S u l f u r c o m p o u n d s
G A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
S A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
G A 4 8 Po l y n u c A r o m a t i c s
S A 4 8 Po l y n u c A r o m a t i c s
G A 2 6 A l i p h a t i c h y d r o c a r b o n s
S A 2 6 A l i p h a t i c h y d r o c a r b o n s
G A 2 7 A r o m a t i c h y d r o c a r b o n s
S A 2 7 A r o m a t i c h y d r o c a r b o n s
G A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
S A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
G A 4 8 Po l y n u c A r o m a t i c s
S A 4 8 P o l y n u c A r o m a t i c s
G A 2 6 A l i p h a t i c h y d r o c a r b o n s
S A 2 6 A l i p h a t i c h y d r o c a r b o n s
G A 2 7 A r o m a t i c h y d r o c a r b o n s
S A 2 7 A r o m a t i c h y d r o c a r b o n s
G A 2 8 C h l o r i n a t e d h y d r o c a r b o n s
S A 2 8 C h l o r i n a t e d h y d r o c a r b o n s
G A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
S A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
G A 4 8 Po l y n u c A r o m a t i c s
S A 4 8 Po l y n u c A r o m a t i c s
G A 6 5 B e n z e n e
S A 6 5 B e n z e n e
G A 1 5 C o b a l t , C o c o m p o u n d s
S A 1 5 C o b a l t
,
C o c o m p o u n d s
G A 1 6 C o l c e
S A 1 6 Co l t e
G A 2 6 A l i p h a t i c h y d r o c a r b o n s
S A 2 6 A l i p h a t i c h y d r o c a r b o n s
G A 2 7 A r o m a t i c h y d r o c a r b o n s
S A 2 7 A r o m a t i c h y d r o c a r b o n s
G A 3 1 H 2 S , S u l f u r c o m p o u n d s
( R 1 5 , R 3 4 , R 8 1 )
S A 3 1 H 2 S , Su l f u r c o m p o u n d s
( R 1 5 , R 3 4 , R 8 1 )
G A 3 2 I r o n c o m p o u n d s
S A 3 2 I r o n c o m p o u n d s
G A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
S A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
l u b e o i l p r o c
0 1 0 1 3 6
l u b e o i l p r o c
0 1 0 1 3 0
0 1 0 1 3 6
0 1 0 1 3 0
0 1 0 1 3 6
0 1 0 1 3 0
0 1 0 1 3 6
0 1 0 1 3 0
0 1 0 1 3 6
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 0
0 1 0 1 3 3
0 1 0 1 3 5
0 1 0 1 3 3
0 1 0 1 3 5
0 1 0 1 3 3
0 1 0 1 3 5
0 1 0 1 3 3
0 1 0 1 3 5
0 1 0 1 3 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
e s s i n g
1 2 3 1 8 9
e s s i n g
1 2 3 1 9 3
1 2 3 1 8 9
1 2 3 1 9 3
1 2 3 1 8 9
1 2 3 1 9 3
1 2 3 1 8 9
1 2 3 1 9 3
1 2 3 1 8 9
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3 .
1 2 3 1 9 3
*
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 8 0
1 2 3 1 8 0
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
0 1 0 1 3 5 1 2 3 1 9 3
0 1 0 1 3 3 1 2 3 1 9 3
0 1 0 1 3 5 1 2 3 1 9 3
0 1 0 1 3 3 1 2 3 1 9 3
0 1 0 1 3 5 1 2 3 1 9 3
A C
A C
A C
A C
A C
( R 1 5 )
A C
( R 1 5 )
A C
A C
A C
A C
A C
A C
P C
P O
A C
A C
A C
A C
A C
A C
A C
A C
P O
P O
A C
A C
A C
A C
A C
A C
P O
PO
A C
A C
A C
A C
A C
A C
A C
A C
PO
PO
A C
A C
P O
PO
PO
PO
A C
A C
PR
PR
PO
PO
P O
PO
A C
A C
( R 3 4 )
( R 3 4 )
u s e d i n p r o p a n e a n d d u o - s o l p r o c e s s e s ( R2 9 , R 4 8 , R 4 9 )
u s e d i n p r o p a n e a n d d u o
-
s o l p r o c e s s e s ( R2 9 , R 4 8 , R 4 9 )
u s e d i n d u o - s o l p r o c e s s ( R 2 9 , R 4 8 , R 4 9 )
u s e d i n d u o - s o l p r o c e s s ( R 2 9 , R 4 8 , R 4 9 )
m o s t c o m m o n s o l v f o r l u b e o i l e x t r a c t i o n ( I n 5 9 ) , d e v e l T e x a c o ( R 2 9 , R 4 9 ) ; o n e o f 3
m o s t c o m m o n s o l v f o r l u b e o i l e x t r a c t i o n ( i n 5 9 ) , d e v e l T e x a c o ( R 2 9 , R 4 9 ) ; o n e o f 3
f e e d , r a f f i n a t e ( R 2 9 )
f e e d , r a f f i n a t e ( R 2 9 )
s o l v e n t s , e x t r a c t ( R 2 9 , R 4 9 ) ; l u b e o i l m a n u f a c t u r e ( R 1 5 )
s o l v e n t s , e x t r a c t ( R 2 9 , R 4 9 ) ; l u b e o i l m a n u f a c t u r e ( R 1 5 )
f e e d , r a f f i n a t e ( R 2 9 )
f e e d , r a f f i n a t e ( R 2 9 )
e x t r a c t ( R 2 9 ) ; l u b e o i l p r o c e s s i n g ( R 3 4 )
e x t r a c t ( R 2 9 ) ; l u b e o i l p r o c e s s i n g ( R 3 4 )
f e e d , r a f f i n a t e ( R 2 9 )
f e e d , r a f f i n a t e ( R 2 9 )
s o l v e n t s , e x t r a c t { R 2 9 , R 4 9 ) ; l u b e o i l m a n u f a c t u r e ( R 1 5 )
s o l v e n t s , e x t r a c t ( R 2 9 , R 4 9 ) ; l u b e o i l m a n u f a c t u r e ( R 1 5 )
D M S O - S o l v e n t
DMS O - S o l v e n t
f e e d , r a f f i n a t e ( R 2 9 )
f e e d , r a f f i n a t e ( R 2 9 )
e x t r a c t ( R 2 9 ) ; l u b e o i l p r o c e s s i n g
e x t r a c t ( R 2 9 ) ; l u b e o i l p r o c e s s i n g
f e e d , r a f f i n a t e ( R 2 9 )
f e e d , r a f f i n a t e ( R 2 9 ) ;
s o l v e n t s , e x t r a c t ( R 2 9 , R 4 9 ) ; l u b e o i l m a n u f a c t u r e ( R 1 5 )
s o l v e n t s , e x t r a c t ( R 2 9 , R 4 9 ) ; l u b e o i l m a n u f a c t u r e ( R 1 5 )
f e e d , r a f f i n a t e ( R2 9 )
f e e d , r a f f i n a t e ( R2 9 )
e x t r a c t ( R 2 9 ) ; l u b e o i l p r o c e s s i n g ( R 3 4 )
e x t r a c t ( R 2 9 ) ; l u b e o i l p r o c e s s i n g ( R 3 4 )
f e e d , r a f f i n a t e ( R 2 9 )
f e e d , r a f f i n a t e { R2 9 )
s o l v e n t s , e x t r a c t ( R 2 9 , R 4 9 ) ; l u b e o i l m a n u f a c t u r e ( R 1 5 )
s o l v e n t s , e x t r a c t ( R 2 9 , R 4 9 ) ; l u b e o i l m a n u f a c t u r e ( R 1 5 )
e t h y l e n e d i c h l o r i d e i n b a r i s o l d e w a x i n g p r o c e s s ( R 4 9 )
e t h y l e n e d i c h l o r i d e i n b a r i s o l d e w a x i n g p r o c e s s ( R 4 9 )
f e e d , r a f f i n a t e ( R 2 9 )
f e e d , r a f f i n a t e ( R 2 9 )
e x t r a c t ( R 2 9 ) ; l u b e o i l p r o c e s s i n g ( R 3 4 )
e x t r a c t ( R 2 9 ) ; l u b e o i l p r o c e s s i n g ( R 3 4 )
u s e d I n b a r i s o l f o r d e w a x i n g ( R 4 9 )
u s e d i n b a r i s o l f o r d e w a x i n g ( R 4 9 )
? c o n t a m i n c r u d e ( R 3 3 ) ; l u b e o i l p r o c e s s i n g ( R 8 1 )
T c o n t a m i n c r u d e ( R 3 3 ) ; l u b e o i l p r o c e s s i n g ( R 8 1 )
C i n v a c u u m r e s i d u e - d e a s p h a l t i n g f e e d ( R 1 2 ) ; l u b e o i l p r o c e s s i n g ( R 8 1 )
C i n v a c u u m r e s i d u e - d e a s p h a l t i n g f e e d ( R 1 2 ) ; l u b e o i l p r o c e s s i n g ( R 8 1 )
f e e d , r a f f i n a t e ( R2 9 )
f e e d , r a f f i n a t e ( R2 9 )
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G A 3 9 Mo l y b d e n u m 0 1 0 1 3 3 1 2 3 1 9 3
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G A 4 0 N i c k e l 0 1 0 1 3 3 1 2 3 1 9 3
S A 4 0 N i c k e l 0 1 0 1 3 5 1 2 3 1 9 3
G A 4 8 Po l y n u c A r o m a t i c s 0 1 0 1 3 3 1 2 3 1 9 3
S A 4 8 Po l y n u c A r o m a t i c s 0 1 0 1 3 5 1 2 3 1 9 3
A 5 A m m o n i a 0 1 0 1 3 3 1 2 3 1 9 3
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A 5 2 C a u s t i c s 0 1 0 1 3 3 1 2 3 1 9 3
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( R 1 5 , R 3 4 , R S I )
S A 3 1 H2 S , S u l f u r c o m p o u n d s
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-
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PO i n d e a s p h a l t i n g f e e d a n d r a f f i n a t e ( R1 2 )
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A C u s e d i n p r o p a n e a n d d u o
- s o l p r o c e s s e s ( R 2 9 , R4 8 , R 4 9 )
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G A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
S A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
G A 4 8 Po l y n u c A r o m a t i c s
S A 4 8 Po l y n u c A r o m a t i c s
G A 2 6 A l i p h a t i c h y d r o c a r b o n s
S A 2 6 A l i p h a t i c h y d r o c a r b o n s
G A 2 7 A r o m a t i c h y d r o c a r b o n s
S A 2 7 A r o m a t i c h y d r o c a r b o n s
G A 3 1 H 2 S , S u l f u r c o m p o u n d s
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G A 6 5 B e n z e n e
S A 6 5 B e n z e n e
G A 2 7 A r o m a t i c h y d r o c a r b o n s
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1 2 3 1 9 3 A C s o l v e n t s , e x t r a c t ( R 2 9 , R 4 9 ) ; l u b e o i l m a n u f a c t u r e ( R 1 5 )
1 2 3 1 9 3 A C s o l v e n t s , e x t r a c t ( R 2 9 , R 4 9 ) ; l u b e o i l m a n u f a c t u r e ( R 1 5 )
1 2 3 1 9 3 A C o n e o f 3 s o l v u s e d 8 4 ; r e p l a c e d p h e n o l b / c o f S S H c o n c e r n s ( R 2 5 ) ; l u b e o i l m a n u f a c t
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1 2 3 1 9 3 A C f e e d , r a f f i n a t e ( R 2 9 )
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1 2 3 1 9 3 PO f e e d i n c l h e a v y n a p h t h a , k e r o s e n e , g a s o i l ( R 4 8 )
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1 2 3 1 9 3 PO e x t r a c t s c y c l i c S c o mp o u n d s ( R 4 8 )
1 2 3 1 9 3 PR T e x t r a c t s N c o m p o u n d s ( R 4 8 )
1 2 3 1 8 8 PR 7 ( 7 d a t e ) N c o m p o u n d s ( R 4 8 )
1 2 3 1 9 3 A C l i q S 0 2 a s s o l v e n t ( R 4 8 )
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( R 6 8 )
( R 2 5 ) ) H 2 S p r o d u c e d
N i c a t s r e q u i r e a c t i v a t i o n w / C S 2 , m e r c a p t a n s o r d i m e t h s u l f i d e ( R 2 5 ) ; H 2 S p r o d u c e d
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n a d o m i n a t e H t r e a t ' 8 4 , ' 5 9 ( R 2 5 , R 2 9 ) ; C o - M o
2 2 2 1 S A 1 5 C o b a l t , C o c o m p o u n d s
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- M o d o m i n a t e s H t r e a t i n ' 5 9 , M o a l s o u s e d ( R 2 9 ) ; c a t , H t r e a t ( R 3 4 , R 1 5 )
2 2 2 1 G A 4 0 N i c k e l 0 1 0 1 3 2 1 2 3 1 9 3 PO
t
' 5 9 ( a l o n e o r w / W s u l f i d e ) ( R 2 9 ) ; c a t , H t r e a t ( R 3 4 , R 1 5 )
2 2 2 1 S A 4 0 N i c k e l 0 1 0 1 6 0 1 2 3 1 9 3 PO
t
' 5 9 ( a l o n e o r w / W s u l f i d e ) ( R 2 9 ) ; c a t , H t r e a t ( R 3 4 , R 1 5 )
2 2 2 1 G A 4 7 P l a t i n u m 0 1 0 1 5 0 1 2 3 1 9 3 P O
2 2 2 1 S A 4 7 P l a t i n u m 0 1 0 1 6 0 1 2 3 1 9 3 P O
2 2 2 1 G A 5 A m mo n i a 0 1 0 1 3 2 1 2 3 1 9 3 PO
2 2 2 1 S A 5 A m mo n i a 0 1 0 1 6 0 1 2 3 1 9 3 P O
2 2 2 1 G A 5 7 T u n g s t e n c o m p o u n d s 0 1 0 1 3 2 1 2 3 1 9 3 P O
t ( R 1 5 )
2 2 2 1 S A 5 7 T u n g s t e n c o m p o u n d s 0 1 0 1 6 0 1 2 3 1 9 3 P O
t ( R 1 5 )
2 2 2 1 G A 5 8 V a n a d i u m C o m p o u n d s 0 1 0 1 3 2 1 2 3 1 9 3 PO
2 2 2 1 S A 5 8 V a n a d i u m C o m p o u n d s 0 1 0 1 6 0 1 2 3 1 9 3 P O
2 2 2 2 G A l A l u m i n a 0 1 0 1 3 2 1 2 3 1 9 3 PO
n a d o m i n a t e H t r e a t ' 8 4 ,
' 5 9 (R 2 5 , R 2 9 ) ; c a t s u p p o r t , H t r e a t i n g ( R 1 5 )
2 2 2 2 S A l A l u m i n a 0 1 0 1 6 0 1 2 3 1 9 3 P O
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S A 2 7 A r o m a t i c h y d r o c a r b o n s
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0 1 0 1 1 0 1 2 3 1 9 3 P O
0 1 0 1 1 0 1 2 3 1 9 3 P O
0 1 0 1 1 0 1 2 3 1 9 3
A 5 4 S u l f u r d i o x i d e ,
A 5 4 S u l f u r d i o x i d e .
B e n z e n e
B e n z e n e
A 6 6 T o l u e n e
A 6 6 T o l u e n e
A r s e n i c c o m p o u n d s
A r s e n i c c o m p o u n d s
A l u m i n a
p o s s i b l e a b s o r b e n t { R 1 5 )
S A l A l u m i n a
p o s s i b l e a b s o r b e n t ( R 1 5 )
G A 1 2 C h l o r i n e t C h l o r i d e s
o t h e r s u l f u r o x i d e s
o t h e r s u l f u r o x i d e s
A 6 5
A 6 5
A 7
A 7
A l
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
0 1 0 1 1 0 1 2 3 1 9 3
P O
P O
P O
P O
P O
P O
P O
PO
PO
P O
0 1 0 1 1 0 1 2 3 1 9 3 P O
0 1 0 1 1 0 1 2 3 1 9 3 PO
w a s t e w a t e r t r e a t m e n t ( R 3 4 ) ; p o s s i b l y i n r u n o f f
w a s t e w a t e r t r e a t m e n t ( R 3 4 ) ; p o s s i b l y i n r u n o f f
H 2 0 w / a m m o n i a m u s t b e s t r i p p e d ( R 1 5 ) ; w a s t e w a t e r s ( R 3 4 ) ; p o s s i b l y i n r u n n o f f
H 2 0 w / a m m o n l a m u s t b e s t r i p p e d ( R 1 5 ) ; w a s t e w a t e r s ( R 3 4 ) ; p o s s i b l y i n r u n n o f f
s a n d f i l t e r s f o r f i n a l w a t e r p o l i s h ( R 2 5 ) ; s a n d f i l t e r s ( R 1 5 ) ; a c t s i l i c a , s i l i c a g
s a n d f i l t e r s f o r f i n a l w a t e r p o l i s h ( R 2 5 ) ; s a n d f i l t e r s ( R 1 5 ) ; a c t s i l i c a , s i l i c a g
i n c o m b u s t i o n g a s e s i f i n f u e l ( R 2 5 )
I n c o m b u s t i o n g a s e s i f i n f u e l ( R 2 5 )
p o s s i b l e s o l v t o e x t r p h e n o l s ( R 1 5 ) ; w a s t e w a t e r t r e a t ( R 8 1 )
p o s s i b l e s o l v t o e x t r p h e n o l s ( R 1 5 ) ; w a s t e w a t e r t r e a t ( R 8 1 )
w a s t e w a t e r t r e a t ( R 8 1 )
w a s t e w a t e r t r e a t ( R 8 1 )
g a s s c r u b b i n g ( R3 4 )
g a s s c r u b b i n g ( R 3 4 )
A l h y d r o x i d e c o a g u l a t o r u s e d i n R 1 5 s e p a r a t o r ( R 2 5 ) ; a l u m c o a g ( R 1 5 ) ; b a u x i t e , a c t
A l h y d r o x i d e c o a g u l a t o r u s e d i n R 1 5 s e p a r a t o r ( R 2 5 ) ; a l u m c o a g ( R 1 5 ) ; b a u x i t e , a c t
c o o l i n g w a t e r t r e a t ( R 3 4 ) ; o x l d i z e r - Ww a t e r ( R 1 5 )
2 3 1 0 S A 1 2 C h l o r i n e t C h l o r i d e s 0 1 0 1 1 0
2 3 1 0 G A 1 4 C l a y s 0 1 0 1 1 0
2 3 1 0 S A 1 4 C l a y s 0 1 0 1 1 0
2 3 1 0 G A 1 8 C r u d e O i l 0 1 0 1 1 0
2 3 1 0 S A 1 8 C r u d e O i l 0 1 0 1 1 0
2 3 1 0 G A 2 5 H y d r a z i n e 0 1 0 1 1 0
2 3 1 0 S A 2 5 H y d r a z i n e 0 1 0 1 1 0
2 3 1 0 G A 2 6 A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 1 0
f r c t n s , a l i p h e s t e r s p o s s i b l e s o l v t o e x t r p h e n o l s ( R 1 5 )
2 3 1 0 S A 2 6 A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 1 0
f r c t n s , a l i p h e s t e r s p o s s i b l e s o l v t o e x t r p h e n o l s ( R 1 5 )
2 3 1 0 G A 2 7 A r o m a t i c h y d r o c a r b o n s 0 1 0 1 1 0
r s ( R 1 5 )
2 3 1 0 S A 2 7 A r o m a t i c h y d r o c a r b o n s
r s ( R 1 5 I
2 3 1 0 G A 3 1 H 2 S , S u l f u r c o m p o u n d s
s i n Ww a t e r t r e a t ( R 8 1 ) ; w a s t e w a t e r s
2 3 1 0 S A 3 1 H 2 S , S u l f u r c o m p o u n d s
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
0 1 0 1 1 0 1 2 3 1 9 3
s i n W w a t e r t r e a t ( R 8 1 ) ; w a s t e w a t e r s
( R 1 5 , R 3 4 ) ;
( R 1 5 , R 3 4 ) ;
2 3 1 0 G A 3 2 I r o n c o m p o u n d s
R 1 5 ) ; b a u x i t e p o s s i b l e a b s o r b e n t ( R 1 5 )
2 3 1 0 S A 3 2 I r o n c o m p o u n d s
R 1 5 ) ; b a u x i t e p o s s i b l e a b s o r b e n t ( R 1 5 )
2 3 1 0 G A 4 3 Ph e n o l
s t e w a t e r s ( R 3 4 1 ; p o s s i b l y i n r u n o f f
2 3 1 0 S A 4 3 Ph e n o l
s t e w a t e r s ( R 3 4 ) ; p o s s i b l y i n r u n o f f
2 3 1 0
2 3 1 0
2 3 1 0
2 3 1 0
2 3 1 0
2 3 1 0
2 3 1 0
A 4 8
A 4 8
A 5
A 5 A m m o n i a
A 5 1 S i l i c a
e l p o s s i b l e a b s o r b e n t s
2 3 1 0 S A 5 1 S i l i c a
e l p o s s i b l e a b s o r b e n t s
( R 1 5 )
( R 1 5 )
2 3 1 0
2 3 1 0
2 3 1 0
2 3 1 0
2 3 1 1
2 3 1 1
2 3 1 1
2 3 1 1
2 3 1 1
2 3 1 1
2 3 1 1
2 3 1 1
2 3 1 2
G
S
G
S
6
S
G
S
G
S
G
S
G A l
A 6 5 Be n z e n e
A 6 5 B e n z e n e
A 6 6 T o l u e n e
A 6 6 T o l u e n e
A l A l u m i n a
A l A l u m i n a
A 1 2 C h l o r i n e &
A 1 2 C h l o r i n e &
A 2 5 H y d r a z i n e
A 2 5 Hy d r a z i n e
A 3 2 I r o n c o m p o u n d s
A 3 2 I r o n c o m p o u n d s
A l u m i n a
C h l o r i d e s
C h l o r i d e s
a l u m i n a p o s s i b l e a b s o r b e n t ( R 1 5 )
2 3 1 2 S A l A l u m i n a
a l u m i n a p o s s i b l e a b s o r b e n t ( R 1 5 )
2 3 1 2 G A 1 2 C h l o r i n e & C h l o r i d e s
2 3 1 2 S A 1 2 C h l o r i n e & C h l o r i d e s
2 3 1 2 G A 2 6 A l i p h a t i c h y d r o c a r b o n s
2 3 1 2 S A 2 6 A l i p h a t i c h y d r o c a r b o n s
2 3 1 2 G A 2 7 A r o m a t i c h y d r o c a r b o n s
2 3 1 2 S A 2 7 A r o m a t i c h y d r o c a r b o n s
2 3 1 2 G A 3 2 I r o n c o m p o u n d s
R i b ) ; b a u x i t e p o a s l b l e a b a o c b e n t ( R 1 5 )
2 3 1 2 S A 3 2 I r o n c o mp o u n d s
0 1 0 1 1 0
H2 S c a n
0 1 0 1 1 0
H 2 S c a n
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0 1 2 3 1 9 3
A 4 6 P h o s p h o r i c a c i d / p h o s p h o r u s c o mp o u n d
A 4 6 Ph o s p h o r i c a c i d / p h o s p h o r u s c o mp o u n d
Po l y n u c A r o m a t i c s
P o l y n u c A r o m a t i c s
A m m o n i a
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
Ol Ol l O
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
P O c o o l i n g w a t e r t r e a t ( R 3 4 ) ; o x l d l z e r
- W w a t e r ( RI S )
PO F u l l e r ' s e a r t h p o s s i b l e a b s o r b e n t ( R 1 5 )
PO F u l l e r ' s e a r t h p o s s i b l e a b s o r b e n t ( R 1 5 )
P O p o s s i b l e s o l v t o e x t r p h e n o l ( R 1 5 )
P O p o s s i b l e s o l v t o e x t r p h e n o l ( R 1 5 )
P O b o i l e r w a t e r a d d i t i v e ( R 3 4 )
PO b o i l e r w a t e r a d d i t i v e ( R 3 4 )
PO HC ' s s k i m m e d f r o m R 1 5 s e p a r a t o r ( R 2 5 ) ; s e w e r r u n o f f h a s o i l i n i t ( R l l ) ; l i g h t p e t r
P O H C ' s s k i m m e d f r o m R 1 5 s e p a r a t o r ( R 2 5 ) ; s e w e r r u n o f f h a s o i l i n i t ( R l l ) ; l i g h t p e t r
PO H C ' s s k i m m e d f r o m R 1 5 s e p a r a t o r ( R 2 5 ) ; s e w e r r u n o f f h a s o i l i n i t ( R l l ) ; w a s t e w a t e
PO H C ' s s k i m m e d f r o m R 1 5 s e p a r a t o r ( R 2 5 ) ; s e w e r r u n o f f h a s o i l i n i t ( R l l ) ; w a s t e w a t e
I
1 2 3 1 9 3 P O d i s s o l v e d H 2 S , o t h e r S c o m p n d s e l l m i n s o u r H 2 0 s t r i p p e r ( R 2 5 ) ; s u l f i d e s , s u l f o n a t e
b e g e n e r a t e d b y a n a e r b a c t ( R 1 5 )
1 2 3 1 9 3 P O d i s s o l v e d H 2 S , o t h e r S c o m p n d s e l i m i n s o u r H 2 0 s t r i p p e r ( R 2 5 ) ; s u l f i d e s , s u l f o n a t e
b e g e n e r a t e d b y a n a e r b a c t ( R 1 5 )
1 2 3 1 9 3 P O F e h y d r o x i d e c o a g u l a t o r u s e d i n R 1 5 s e p a r a t o r ( R 2 S ) ; F e c h l o r i d e , F e s u l f a t e c o a g {
1 2 3 1 9 3 P O F e h y d r o x i d e c o a g u l a t o r u s e d i n R 1 5 s e p a r a t o r ( R2 5 ) ; F e c h l o r i d e , F e s u l f a t e c o a g (
1 2 3 1 9 3 P O c o n s u m e d b y b a c t e r i a i n d i g t a n k s ( R2 5 ) ; m a y b e s t r i p p e d o u t o r s o l v e x t r ( R 1 5 ) ; w a
P O c o n s u m e d b y b a c t e r i a i n d i g t a n k s ( R2 5 ) ; m a y b e s t r i p p e d o u t o r s o l v e x t r ( R 1 5 ) ; w a
PO t r i c r e s y l p h o s p h a t e p o s s i b l e s o l v t o e x t r p h e n o l ( R 1 5 )
P O t r i c r e s y l p h o s p h a t e p o s s i b l e s o l v t o e x t r p h e n o l ( R 1 5 )
PO w a s t e w a t e r t r e a t m e n t { R 3 4 ) ; p o s s i b l y i n r u n o f f
PO w a s t e w a t e r t r e a t m e n t ( R 3 4 ) ; p o s s i b l y i n r u n o f f
PO H 2 0 w / a m m o n i a m u s t b e s t r i p p e d ( R 1 5 ) ; w a s t e w a t e r s ( R 3 4 ) ; p o s s i b l y i n r u n n o f f
PO H 2 0 w / a m m o n i a m u s t b e s t r i p p e d ( R I S ) ; w a s t e w a t e r s ( R 3 4 ) ; p o s s i b l y i n r u n n o f f
P O s a n d f i l t e r s f o r f i n a l w a t e r p o l i s h ( R 2 5 ) ; s a n d f i l t e r s ( R 1 5 ) ; a c t s i l i c a , s i l i c a g
PO s a n d f i l t e r s f o r f i n a l w a t e r p o l i s h { R 2 5 ) ; s a n d f i l t e r s ( R 1 5 ) ; a c t s i l i c a , s i l i c a g
PO p o s s i b l e s o l v t o e x t r p h e n o l s ( R I S ) ; w a s t e w a t e r t r e a t ( R 8 1 )
P O p o s s i b l e s o l v t o e x t r p h e n o l s ( R I S ) ; w a s t e w a t e r t r e a t ( R 8 1 )
PO w a s t e w a t e r t r e a t ( R 8 1 )
PO w a s t e w a t e r t r e a t ( R 8 1 )
PO a l u m c o a g ( R 1 5 )
P O a l u m c o a g ( R 1 5 )
P O c o o l i n g w a t e r t r e a t ( R 3 4 ) ; W w a t e r s ( R 1 5 )
PO c o o l i n g w a t e r t r e a t ( R 3 4 ) ; W w a t e r s ( R 1 5 )
PO b o i l e r w a t e r a d d i t i v e ( R 3 4 )
PO b o i l e r w a t e r a d d i t i v e ( R 3 4 )
PO F e c h l o r i d e , F e s u l f a t e c o a g ( R 1 5 )
PO F e c h l o r i d e , F e s u l f a t e c o a g ( R 1 5 )
PR A l h y d r o x i d e c o a g u l a t o r u s e d i n R 1 5 s e p a r a t o r ( R 2 5 ) ; a l u m c o a g (R 1 5 ) ; b a u x i t e , a c t
PR A l h y d r o x i d e c o a g u l a t o r u s e d i n R 1 5 s e p a r a t o r ( R 2 5 ) ; a l u m c o a g ( R I S ) ; b a u x i t e , a c t
P O W w a t e r t r e a t ( R 1 5 )
P O Ww a t e r t r e a t ( R 1 5 |
PO s e w e r r u n o f f h a s o i l i n i t ( R l l )
P O s e w e r r u n o f f h a s o i l i n i t ( R l l )
P O s e w e r r u n o f f h a s o i l i n i t ( R l l )
PO s e w e r r u n o f f h a s o i l i n i t ( R l l )
P R F e h y d r o x i d e c o a g u l a t o r u s e d i n R I S s e p a r a t o r ( R 2 6 ) ; F e c h l o r i d e , F e s u l f a t e c o a g (
P R F e h y d r o x i d e c o a g u l a t o r u s e d i n R 1 5 s e p a r a t o r ( R 2 S ) ; F e c h l o r i d e , F e s u l f a t e c o a g (
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
0 1 0 1 1 0 1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
0 1 0 1 1 0 1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 6 6
1 2 3 1 6 6
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
0 1 0 1 1 0 1 2 3 1 9 3
R 1 5 ) ; b a u x i t e p o s s i b l e a b s o r b e n t ( R 1 5 )
2 3 1 2 G A 4 3 P h e n o l
2 3 1 2 S A 4 3 P h e n o l
2 3 1 2 G A 4 9 P o l y n u c A r o m a t i c s
2 3 1 2 S A 4 8 Po l y n u c A r o m a t i c s
2 3 1 2 G A 5 A mm o n i a
2 3 1 2 S A 5 A mm o n i a
2 3 1 3 G A l A l u m i n a
a l u m i n a p o s s i b l e a b s o r b e n t ( R 1 5 )
2 3 1 3 S A l A l u m i n a
a l u m i n a p o s s i b l e a b s o r b e n t ( R 1 5 )
2 3 1 3 G A 1 2 C h l o r i n e t C h l o r i d e s
2 3 1 3 S A 1 2 C h l o r i n e t C h l o r i d e s
2 3 1 3 G A 1 4 C l a y s
2 3 1 3 S A 1 4 C l a y s
2 3 1 3 G A 1 8 C r u d e O i l
2 3 1 3 S A 1 8 C r u d e O i l
2 3 1 3 G A 2 6 A l i p h a t i c h y d r o c a r b o n s
f r c t n s , a l i p h e s t e r s p o s s i b l e s o l v t o e x t r p h e n o l
2 3 1 3 S A 2 6 A l i p h a t i c h y d r o c a r b o n s
f r c t n s , a l i p h e s t e r s p o s s i b l e s o l v t o e x t r p h e n o l
2 3 1 3 G A 2 7 A r o m a t i c h y d r o c a r b o n s
r s ( R 1 5 )
2 3 1 3 S A 2 7 A r o m a t i c h y d r o c a r b o n s
r s ( R 1 5 )
2 3 1 3 G A 3 1 H 2 S , S u l f u r c o m p o u n d s
s i n W w a t e r t r e a t ( R 8 1 ) ; w a s t e w a t e r s ( R 1 5 , R 3 4 ) ;
2 3 1 3 S A 3 1 H 2 S , S u l f u r c o m p o u n d s
s i n W w a t e r t r e a t ( R B I ) ; w a s t e w a t e r s | R 1 5 , R 3 4 ) ;
2 3 1 3 G A 3 2 I r o n c o mp o u n d s
R I S ) ; b a u x i t e p o s s i b l e a b s o r b e n t ( R 1 5 )
2 3 1 3 S A 3 2 I r o n c o mp o u n d s
R 1 5 ) ; b a u x i t e p o s s i b l e a b s o r b e n t ( R 1 5 )
2 3 1 3 G A 4 3 P h e n o l
s t e w a t e r s ( R 3 4 )
2 3 1 3 S A 4 3 P h e n o l
a t e w a t e r s ( R 3 4 |
0 1 0 1 1 0 1 2 3 1 9 3
2 3 1 3
2 3 1 3
2 3 1 3
2 3 1 3
2 3 1 3
2 3 1 3
2 3 1 3
A 4 6 Ph o s p h o r i c a c i d / p h o s p h o r u s c o m p o u n d
A 4 6 P h o s p h o r i c a c i d / p h o s p h o r u s c o mp o u n d
A 4 8 Po l y n u c A r o m a t i c s
A 4 8 P o l y n u c A r o m a t i c s
A 5 A m m o n i a
A 5 A m m o n i a
A 5 1 S i l i c a
e l p o s s i b l e a b s o r b e n t s ( R 1 5 )
2 3 1 3 S A 5 1 S i l i c a
e l p o s s i b l e a b s o r b e n t s | R 1 5 )
2 3 1 3
2 3 1 3
2 3 1 3
2 3 1 3
2 3 2 0
2 3 2 0
2 3 2 0
2 3 2 0
2 3 2 0
2 3 2 0
2 3 2 0
2 3 2 0
2 3 3 0
2 ;j :i o
Z 3 3 0
G A 6 5 B e n z e n e
S A 6 5 B e n z e n e
G A 6 6 T o l u e n e
S A 6 6 T o l u e n e
G A l A l u m i n a
A l A l u m i n a
A 1 2 C h l o r i n e t C h l o r i d e s
A 1 2 C h l o r i n e i C h l o r i d e s
A 3 1 H 2 S , S u l f u r c o m p o u n d s
A 3 1 H 2 S , S u l f u r c o m p o u n d s
A 3 2 I r o n c o mp o u n d s
A 3 2 I r o n c o m p o u n d s
A l l C a r b o n M o n o x i d e
U A l l C a r b o n M o n o x l d *
3 M l C j r b r i n M o n o x l d *
0 1 0 1 1 0 1 2 3 1 9 3 PC p o s s i b l y i n r u n o f f
0 1 0 1 1 0 1 2 3 1 9 3 P C p o s s i b l y i n r u n o f f
0 1 0 1 1 0 1 2 3 1 9 3 P C p o s s i b l y i n r u n o f f
0 1 0 1 1 0 1 2 3 1 9 3 PC p o s s i b l y i n r u n o f f
0 1 0 1 1 0 1 2 3 1 9 3 PO p o s s i b l y i n r u n n o f f
0 1 0 1 1 0 1 2 3 1 9 3 P O p o s s i b l y i n r u n n o f f
0 1 0 1 1 0 1 2 3 1 9 3 P R A l h y d r o x i d e c o a g u l a t o r u s e d i n R 1 5 s e p a r a t o r ( R2 5 ) ; a l u m c o a g ( R 1 5 ) ; b a u x i t e , a c t
PR A l h y d r o x i d e c o a g u l a t o r u s e d i n R 1 5 s e p a r a t o r ( R2 5 ) ; a l u m c o a g ( R 1 5 ) ; b a u x i t e , a c t
1 2 3 1 9 3 P O c o o l i n g w a t e r t r e a t ( R 3 4 ) ; o x l d i z e r - W w a t e r ( R 1 5 )
1 2 3 1 9 3 PO c o o l i n g w a t e r t r e a t ( R 3 4 ) ; o x i d l z e r - W w a t e r { R 1 5 )
1 2 3 1 9 3 P O F u l l e r ' s e a r t h p o s s i b l e a b s o r b e n t | R 1 5 )
1 2 3 1 9 3 PO F u l l e r ' s e a r t h p o s s i b l e a b s o r b e n t | ( R 1 5 )
1 2 3 1 9 3 PO p o s s i b l e s o l v t o e x t r p h e n o l ( R 1 5 )
1 2 3 1 9 3 PO p o s s i b l e s o l v t o e x t r p h e n o l ( R 1 5 )
1 2 3 1 9 3 P R H e ' s s k i m m e d f r o m R 1 5 s e p a r a t o r ( R 2 5 ) ; s e w e r r u n o f f h a s o i l i n i t ( R l l ) ; l i g h t p e t r
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2 4 0 0 C F S A 7 1 P r o p a n e
2 4 0 0 C F G A S A s b e s t o s
2 4 0 0 C F S A 8 A s b e s t o s
2 4 0 0 C X G A l l C a r b o n M o n o x i d e
R 3 4 )
2 4 0 0 C X S A l l C a r b o n M o n o x i d e
R 3 4 )
2 4 0 0 C X G A 1 3 C h r o m i u m , C r c o m p o u n d s
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
s o m e f o u n d
0 1 0 1 1 0
s o m e f o u n d
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
a t S t a r
1 2 3 1 9 3
a t S t a r
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
A C
A C
P O
PO
PO
PO
A C
A C
P O
PO
P O
PO
PO
P O
P R
PR
PR
( R 7 5 S 7 6 )
PR
( R 7 5 i 7 6 )
PO
P O
PO
PO
A C
0 1 0 1 1 0 1 2 3 1 9 3
0 1 0 1
0 1 0 1
0 1 0 1
) ; w e l d i n g
0 1 0 1
) ; w e l d i n g
0 1 0 1
0 1 0 1
0 1 0 1
0 1 0 1
0 1 0 1
0 1 0 1
0 1 0 1
0 1 0 1
0 1 0 1
0 1 0 1
O l d
0 1 0 1
0 1 0 1
0 1 0 1
0 1 0 1
0 1 0 1
0 1 0 1
0 1 0 1
0 1 0 1
0 1 0 1
0 1 0 1
0 1 0 1
0 1 0 1
1 0 1 2 3 1 9 3
1 0 1 2 3 1 9 3
1 0 1 2 3 1 9 3
( R 3 4 ) ; s o m e
1 0 1 2 3 1 9 3
( R 3 4 ) ; s o m e
1 0 1 2 3 1 9 3
1 0 1 2 3 1 9 3
1 0 1 2 3 1 9 3
1 0 1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 5 9
1 2 3 1 5 9
1 2 3 1 9 3
A C
PO
PO
P R
f o u n d
P R
f o u n d
PR
PR
PO
P O
PO
P O
PO
PO
PO
PO
P O
PO
PO
PO
PO
PO
PO
P O
P O
PO
P O
P O
P O
i n s t e e l a n d b o l t s
i n s t e e l a n d b o l t s
c h r o m i u m s t e e l t o w i t h s t a n d s u l f i d e c o r r o s i o n ( R 4 8 )
c h r o m i u m s t e e l t o w i t h s t a n d s u l f i d e c o r r o s i o n ( R 4 8 )
c o p p e r - b a s e d a l l o y s t o w i t h s t a n d c o r r o s i o n ( R 4 8 ) ; Cu u s e d b y t i n s m i t h s ( R 5 4 )
c o p p e r - b a s e d a l l o y s t o w i t h s t a n d c o r r o s i o n ( R 4 8 ) ; C u u s e d b y t i n s m i t h s | R 5 4 )
h a n d l i n g o f s t e e l s h e e t m e t a l a n d g a l v a n i z e d I r o n b y t i n s m i t h s ( R 5 4 )
h a n d l i n g o f s t e e l s h e e t m e t a l a n d g a l v a n i z e d I r o n b y t i n s m i t h s ( R 5 4 )
i n t i n - l e a d s o l d e r i f u s e d
i n t i n - l e a d s o l d e r I f u s e d
c h r o m i u m s t e e l , s o m e t i m e s w / N i , t o w i t h s t a n d s u l f i d e c o r r o s i o n ( R 4 8 )
c h r o m i u m s t e e l , s o m e t i m e s w / N l , t o w i t h s t a n d s u l f i d e c o r r o s i o n ( R 4 8 )
z i n c u s e d i n r e f i n e r i e s ( R 4 8 )
z i n c u s e d i n r e f i n e r i e s ( R 4 8 )
,
c o n e m a y b e p r o b l e m w / c o n f i n e d s p a c e a r c w e l d i n g
- f l u x f o r m s C 0 , C 0 2 ( R 1 4 )
c o n e m a y b e p r o b l e m w / c o n f l n e d s p a c e a r c w e l d i n g - f l u x f o r m s C O , C 0 2 ( R 1 4 |
C r - N l e l e c t r o d e s o r w i r e u s e d o n s t s t e e l 7 0 % o f t i m e ( R 1 4 ) ; c h r o m i u m s t e e l t o w i t h
C r - N l e l e c t r o d e s o r w i r e u s e d o n s t s t e e l 7 0 % o f t i m e ( R 1 4 ) ; c h r o m i u m s t e e l t o w i t h
c o p p e r - b a s e d a l l o y s t o w i t h s t a n d c o r r o s i o n ( R 4 8 ) ; s o m e f o u n d a t S t a r | R7 5 t 7 6 )
c o p p e r - b a s e d a l l o y s t o w i t h s t a n d c o r r o s i o n ( R 4 8 ) ; s o m e f o u n d a t S t a r ( R 7 5 i 7 6 )
d e g r a d p r o d u c t f r o m w e l d a b l e c h l o r i n a t e d r u b b e r p a i n t s ( R 1 4 )
d e g r a d p r o d u c t f r o m w e l d a b l e c h l o r i n a t e d r u b b e r p a i n t s ( R 1 4 )
F e o x i d e f r o m w e l d i n g o n m i l d s t e e l ( R 1 4 ) ; w e l d i n g ( R 3 4 ) ; F e o x i d e f o u n d a t S t a r ( R
F e o x i d e f r o m w e l d i n g o n m i l d s t e e l ( R 1 4 ) ; w e l d i n g ( R 3 4 ) ; F e o x i d e f o u n d a t S t a r ( R
I n e l e c t r o d e c o a t i n g s ( a r c w e l d i n g ) ( R 1 4 ) j
i n e l e c t r o d e c o a t i n g s ( a r c w e l d i n g ) ( R 1 4 ) )
s o m e f o u n d a t S t a r ( R 7 5 t 7 6 )
s o m e f o u n d a t S t a r ( R 7 5 i 7 6 )
0 1 0 1 1 0 1 2 3 1 9 3 PO
0 1 0 1 1 0 1 2 3 1 9 3 P O
C r - N l e l e c t r o d e s o r w i r e u s e d o n s t s t e e l 7 0 % o f t i m e ( R 1 4 ) ; c h r o m i u m s t e e l , s o m e t i
a t S t a r ( R 7 5 i 7 6 )
C r - N l e l e c t r o d e s o r w i r e u s e d o n s t s t e e l 7 0 % o f t i m e ( R 1 4 ) > c h r o m i u m s t e e l , s o m e t i
a t S t a r ( R 7 5 & 7 6 )
c o n e m a y b e p r o b l e m w / c o n f i n e d s p a c e a r c w e l d i n g a b o v e 6 0 0 d e g C ( R 1 4 )
c o n e m a y b e p r o b l e m w / c o n f i n e d s p a c e a r c w e l d i n g a b o v e 6 0 0 d e g C ( R 1 4 )
d e g r a d p r o d u c t f r o m w e l d a b l e e p o x y p a i n t s , p r i m e r s ( R 1 4 )
d e g r a d p r o d u c t f r o m w e l d a b l e e p o x y p a i n t s , p r i m e r s ( R 1 4 )
c h l ' d H e ' s d e g r a d e t o t h i s i n p r e s e n c e o f UV f r o m w e l d i n g a r c s ( R 1 4 )
c h l ' d H e ' s d e g r a d e t o t h i s i n p r e s e n c e o f U V f r o m w e l d i n g a r c s ( R 1 4 )
d e g r a d p r o d u c t f r o m w e l d a b l e e p o x y p a i n t s ( R 1 4 )
d e g r a d p r o d u c t f r o m w e l d a b l e e p o x y p a i n t s ( R 1 4 )
S I i n e l e c t r o d e c o a t i n g s ( a r c w e l d i n g ) f o r m s a m o r p h o u s S i 0 2 ( R 1 4 )
S i i n e l e c t r o d e c o a t i n g s ( a r c w e l d i n g ) f o r m s a m o r p h o u s S 1 0 2 ( R 1 4 )
S i i n e l e c t r o d e c o a t i n g s ( a r c w e l d i n g ) f o r m s a m o r p h o u s S i 0 2 ( R 1 4 )
s o m e f o u n d a t S t a r ( R7 5 & 7 6 )
s o m e f o u n d a t S t a r ( R7 5 S 7 6 )
z i n c u s e d i n r e f i n e r i e s ( R 4 8 )
z i n c u s e d i n r e f i n e r i e s ( R 4 B )
z i n c u s e d i n r e f i n e r i e s ( R 4 8 )
b u t a n e p o s s i b l e g a s f o r g a s w e l d i n g ( R 1 4 )
b u t a n e p o s s i b l e g a s f o r g a s w e l d i n g ( R 1 4 )
p o s s i b l e g a s f o r g a s w e l d i n g ( R 1 4 )
p o s s i b l e g a s f o r g a s w e l d i n g ( R 1 4 )
a s b e s t o s i n r o d s a n d b l a n k e t s ( R 1 9 ) ; a s b e s t o s i n e l e c t r o d e s t i l 1 9 5 0 ' s ( R 1 4 )
a s b e s t o s i n r o d s a n d b l a n k e t s ( R 1 9 ) ; a s b e s t o s i n e l e c t r o d e s t i l 1 9 5 0 ' s ( R 1 4 )
c o n e m a y b e p r o b l e m w / c o n f i n e d s p a c e a r c w e l d i n g
- f l u x f o r m s C 0
,
C 0 2 ( R 1 4 ) ; b o i l e r s (
c o n e m a y b e p r o b l e m w / c o n f i n e d s p a c e a r c w e l d i n g
- f l u x f o r m s C O
,
C 0 2 ( R 1 4 ) ; b o i l e r s (
C r - N l e l e c t r o d e s o r w i r e u s e d o n s t s t e e l 7 0 % o f t i m e ( R 1 4 ) ; c h r o m i u m s t e e l t o w i t h
( R 3 4 )
s t a n d s u l f i d e c o r r o s i o n ( R 4 6 ) ; w e l d i n g ( R 3 4 ) ; s o m e
2 4 OO C X S A 1 3 C h r o m i u m , C r c o m p o u n d s
s t a n d s u l f i d e c o r r o s i o n | R 4 8 ) ; w e l d i n g
2 4 O O C X G A n C o p p e r , C u c o m p o u n d s
s e d b y t i n s m i t h s ( R 5 4 )
2 4 0 0 C X S A I T C o p p e r , C u c o m p o u n d s
s e d b y t i n s m i t h s ( R 5 4 )
2 4 0 0 C X G A 2 5 H y d r a z i n e
A 2 5 H y d r a z i n e
A 2 6 A l i p h a t i c h y d r o c a r b o n s
A 2 6 A l i p h a t i c h y d r o c a r b o n s
A 2 7 A r o m a t i c h y d r o c a r b o n s
A 2 7 A r o m a t i c h y d r o c a r b o n s
A 2 9 Hy d r o c h l o r i c A c i d
i n Pb b u r n i n g ( R 1 4 )
A 2 9 H y d r o c h l o r i c A c i d
i n Pb b u r n i n g ( R 1 4 )
A 3 2 I r o n c o m p o u n d s
h a n d l i n g o f s t e e l s h e e t
S A 3 2 I r o n c o m p o u n d s
h a n d l i n g o f s t e e l s h e e t
f o u n d a t S t a r ( R 7 5 4 7 6 )
0 1 0 1 1 0 1 2 3 1 9 3 PO
f o u n d a t S t a r ( R 7 5 S 7 6 )
C r - N l e l e c t r o d e s o r w i r e u s e d o n s t s t e e l 7 0 % o f t i m e ( R 1 4 ) ; c h r o m i u m s t e e l t o w i t h
0 1 0 1 1 0 1 2 3 1 9 3
0 1 0 1 1 0 1 2 3 1 9 3
C X
C X
C X
C X
C X
C X
u s e d
C X S
u s e d
C X G
2 4 0 0
2 4 0 0
2 4 0 0
2 4 0 0
2 4 0 0
2 4 0 0
I d e r
2 4 0 0
I d e r
2 4 0 0
t s t l ) ;
2 4 0 0 C X
t s t l ) ;
2 4 0 0 C X
2 4 0 0 C X
2 4 0 0 C X
2 4 0 0 C X
2 4 0 0 C X
me s w / N l ,
2 4 0 0 C X S
me s w / N l ,
2 4 0 0 C X G
2 4 0 0 C X
2 4 0 0 C X
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
0 1 0 1 1 0 1 2 3 1 9 3
P O
P O
P O
P O
P O
P O
P O
P O
P O
P O
c o p p e r - b a s e d a l l o y s t o w i t h s t a n d c o r r o s i o n
c o p p e r - b a s e d a l l o y s t o w i t h s t a n d c o r r o s i o n
( R 4 8 ) ; s o m e f o u n d a t S t a r ( R 7 5 t 7 6 ) ; C u u
( R 4 8 ) ; s o m e f o u n d a t S t a r { R 7 5 i 7 6 ) ; C u u
2 4 0 0
2 4 0 0
2 4 0 0
2 4 0 0
2 4 0 0
2 4 0 0
c k s
C X
C X
C X
C X
C X
C X
f o r
A 3 4 L e a d ( i n o r g a n i c c o m p o u n d s )
A 3 4 L e a d ( I n o r g a n i c c o m p o u n d s )
A 3 5 M a n g a n e s e
A 3 5 M a n g a n e s e
A 4 0 N l c Jc e l
t o w i t h s t a n d s u l f i d e c o r r o s i o n ( R 4 8 ) j
A 4 0 N i c l c e l
t o w i t h s t a n d s u l f i d e c o r r o s i o n { R 4 8 ) j
A 4 1 O x i d e s o f N i t r o g e n
N i t r o g e n
0 1 0 1 1 0 1 2 3 1 9 3 P O
m e t a l a n d g a l v a n i z e d I r o n b y t i n s m i t h s
0 1 0 1 1 0 1 2 3 1 9 3 P O
m e t a l a n d g a l v a n i z e d i r o n b y t i n s m i t h s
b o i l e r w a t e r a d d i t i v e ( R 3 4 )
b o i l e r w a t e r a d d i t i v e ( R 3 4 )
f r o m i n s i d e p i p e s ; s o m e l o w c o n e o f t o t a l H C
'
s f o u n d ( R 7 5 t 7 6 )
f r o m I n s i d e p i p e s ; s o m e l o w c o n e o f t o t a l H C
'
s f o u n d ( R 7 5 S 7 6 )
f r o m i n s i d e p i p e s ; s o m e l o w c o n e o f t o t a l H C
'
s f o u n d ( R 7 5 4 7 6 )
f r o m i n s i d e p i p e s ; s o m e l o w c o n e o f t o t a l H C
'
s f o u n d ( R 7 5 & 7 6 )
d e g r a d p r o d u c t f r o m w e l d a b l e c h l o r
' d r u b b e r p a i n t s
I
d e g r a d p r o d u c t f r o m w e l d a b l e c h l o r
' d r u b b e r p a i n t s
o x i d e f r o m w e l d i n g o n m i l d s t e e l { R 1 4 ) ; w e l d i n g
o x i d e f r o m w e l d i n g o n m i l d s t e e l ( R 1 4 ) ; w e l d i n g
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
w e l d i n g ( R 3 4 ) ; s o m e
0 1 0 1 1 0 1 2 3 1 9 3
w e l d i n g ( R 3 4 ) ; s o m e
0 1 0 1 1 0 1 2 3 1 9 3
A 4 1
A 4 3
A 4 3
A 4 4
A 4 4
A 5
A S
A 5 1
O x i d e s o f 0 1 0 1 1 0
Ph e n o l 0 1 0 1 1 0
Ph e n o l 0 1 0 1 1 0
Ph o s g e n e 0 1 0 1 1 0
Ph o s g e n e 0 1 0 1 1 0
A m m o n i a 0 1 0 1 1 0
A m m o n i a 0 1 0 1 1 0
S i l i c a 0 1 0 1 1 0
f u r n a c e i n s u l a t i o n ( R 4 9 ) ; d i a t o m e a r t h 8 8 % s i l i c a
S A 5 1 S i l i c a 0 1 0 1 1 0
f u r n a c e I n s u l a t i o n { R 4 9 ) ; d i a t o m e a r t h 8 8 % s i l i c a
G A 5 8 V a n a d i u m C o i t^ i o u n d s 0 1 0 1 1 0
S A 5 8 V a n a d i u m C o mp o u n d s 0 1 0 1 1 0
G A 5 9 Z i n c 0 1 0 1 1 0
S A 5 9 Z i n c 0 1 0 1 1 0
G A 6 3 B u t a n e 0 1 0 1 1 0
S A 6 3 B u t a n e 0 1 0 1 1 0
G A 6 5 B e n z e n e 0 1 0 1 1 0
S A 6 5 B e n z e n e 0 1 0 1 1 0
G A 7 1 P r o p a n e 0 1 0 1 1 0
S A 7 1 P r o p a n e 0 1 0 1 1 0
G A 7 6 M a n g e s l a 0 1 0 1 1 0
S A 7 6 M a n g e s l a 0 1 0 1 1 0
G A S A s b e s t o s 0 1 0 1 1 0
i n w e l d i n g r o d s a n d b l a n lc e t s ( R 1 9 ) ; a s b e s t o s i n e l e c t r o d e s
2 4 0 0 C X S A 8 A s b e s t o s 0 1 0 1 1 0
i n w e l d i n g r o d s a n d b l a n k e t s ( R 1 9 ) ; a s b e s t o s i n e l e c t r o d e s
2 4 0 0 D A G A 7 A r s e n i c 0 1 0 1 1 0
2 4 0 0 D A S A 7 A r s e n i c 0 1 0 1 1 0
2 4 0 0 D B G A 7 6 M a n g e s l a 0 1 0 1 1 0
2 4 0 0 D B S A 7 6 M a n g a a l a 0 1 0 1 1 0
2 4 0 0 D B G A 8 A s b e s t o s 0 1 0 1 1 0
2 4 0 0 C X
c k s f o r
2 4 0 0 C X
2 4 0 0
2 4 0 0
2 4 0 0
2 4 0 0
2 4 0 0
2 4 0 0
2 4 0 0
2 4 0 0
2 4 0 0
2 4 0 0
2 4 0 0
2 4 0 0
C X
C X
C X
C X
C X
C X
C X
C X
C X
C X
C X
C X
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
( R 6 3 )
1 2 3 1 9 3
( R 6 3 )
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
P O
P O
P O
P O
P O
f o u n d
P O
f o u n d
P O
P O
P O
P O
P O
P O
P O
PO
P O
F e
( R 5 4 )
F e
( R 5 4 )
b y d e f
' n
b y d e f
'
n
i n e l e c t r o d e
i n e l e c t r o d e
C r
a t
{ R 1 4 ) ; HC l f r o m f l u x e d t l n
- P b s o
{ R 1 4 ) ; HC l f r o m f l u x e d t i n - Pb s o
( R3 4 ) ; i n s t e e l a n d b o l t s ( s t r u c
( R 3 4 ) ; i n s t e e l a n d b o l t s ( s t r u c
f o r
f o r
l e a d b u r n e r ; i n t i n - l e a d s o l d e r i f
l e a d b u r n e r ; I n t i n - l e a d s o l d e r i f
c o a t i n g s ( a r c w e l d i n g ) ( R 1 4 ) ; s o m e
c o a t i n g s ( a r c w e l d i n g ) ( R 1 4 ) ; s o m e
N l e l e c t r o d e s o r w i r e u s e d o n s t s t e e l 7 0 % o f t i m e ( R 1 4 ) ;
S t a r ( R 7 5 i 7 6 ) ; I n c o mb u s t i o n p r o d u c t s - b o i l e r s ( R 3 4 )
u s e d ( R 1 4 )
u s e d (R 1 4 )
f o u n d a t S t a r ( R 7 5 i 7 6 )
f o u n d a t S t a r ( R 7 5 i 7 6 )
c h r o m i u m s t e e l , s o m e t i
C r - N l e l e c t r o d e s o r w i r e u s e d o n s t s t e e l 7 0 % o f t i m e ( R 1 4 ) ; c h r o m i u m s t e e l , s o m e t i
a t S t a r ( R 7 5 & 7 6 ) ; I n c o mb u s t i o n p r o d u c t s - b o i l e r s ( R 3 4 )
c o n e m a y b e p r o b l e m w / c o n f i n e d s p a c e a r c w e l d i n g a b o v e 6 0 0 d e g C ( R 1 4 )
c o n e m a y b e p r o b l e m w / c o n f l n e d s p a c e a r c w e l d i n g a b o v e 6 0 0 d e g C ( R 1 4 )
d e g r a d p r o d u c t f r o m w e l d a b l e e p o x y p a i n t s , p r i m e r s ( R 1 4 )
d e g r a d p r o d u c t f r o m w e l d a b l e e p o x y p a i n t s , p r i m e r s ( R 1 4 )
c h l ' d HC ' s d e g r a d e t o t h i s I n p r e s e n c e o f U V f r o m w e l d i n g a r c s ( R 1 4 )
c h l ' d HC ' s d e g r a d e t o t h i s i n p r e s e n c e o f U V f r o m w e l d i n g a r c s ( R1 4 )
d e g r a d p r o d u c t f r o m w e l d a b l e e p o x y p a i n t s ( R 1 4 )
d e g r a d p r o d u c t f r o m w e l d a b l e e p o x y p a i n t s ( R 1 4 )
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2 8 0 0 S A l l C a r b o n M o n o x i d e
2 8 0 0 G A 1 2 C h l o r i n e t C h l o r i d e s
2 8 0 0 S A 1 2 C h l o r i n e & C h l o r i d e s
2 8 0 0 G A 1 3 C h r o m i u m , C r c o m p o u n d s
2 8 0 0 S A 1 3 C h r o m i u m , C r c o m p o u n d s
2 8 0 0 G A 1 7 C o p p e r , C u c o mp o u n d s
2 8 0 0 S A 1 7 C o p p e r , C u c o mp o u n d s
2 8 0 0 G A 2 5 H y d r a z i n e
2 8 0 0 S A 2 5 H y d r a z i n e
2 8 0 0 G A 2 6 A l i p h a t i c h y d r o c a r b o n s
2 8 0 0 S A 2 6 A l i p h a t i c h y d r o c a r b o n s
2 8 0 0 G A 2 7 A r o m a t i c h y d r o c a r b o n s
2 8 0 0 S A 2 7 A r o m a t i c h y d r o c a r b o n s
2 8 0 0 G A 3 1 H 2 S , S u l f u r c o m p o u n d s
2 8 0 0 S A 3 1 H 2 S , S u l f u r c o m p o u n d s
2 8 0 0 G A 3 3 K e t o n e s
2 8 0 0 S A 3 3 K e t o n e s
2 8 0 0 G A 4 0 N i c k e l
2 8 0 0 S A 4 0 N i c k e l
2 8 0 0 G A 4 1 O x i d e s o f N i t r o g e n
2 8 0 0 S A 4 1 O x i d e s o f N i t r o g e n
2 8 0 0 G A 4 3 P h e n o l
2 8 0 0 S A 4 3 Ph e n o l
2 8 0 0 G A 4 6 Ph o s p h o r i c a c i d / p h o s p h o r u s c o m p o u n d
2 8 0 0 S A 4 6 Ph o s p h o r i c a c i d / p h o s p h o r u s c o m p o u n d
2 8 0 0 G A 5 A m m o n i a
2 8 0 0 S A 5 A m mo n i a
2 8 0 0 G A 5 2 C a u s t i c s
2 8 0 0 S A 5 2 C a u s t i c s
2 8 0 0 G A 5 4 S u l f u r d i o x i d e ,
2 8 0 0 S A 5 4 S u l f u r d i o x i d e ,
2 8 0 0 G A b 5 S u l f u r i c A c i d
o t h e r s u l f u r o x i d e s
o t h e r s u l f u r o x i d e s
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
P R
A C
A C
A C
A C
PR
PR
P O
P O
P R
P R
A C
A C
A C
A C
PR
P R
PR
PR
PO
PO
PO
PO
PO
P O
P R
PR
PR
P R
PO
P O
P O
PO
P O
P O
P O
PO
PO
P O
P O
PO
PO
PO
P O
P O
P O
PO
PO
PO
P O
PO
PO
P O
P O
PO
P O
PO
P O
P O
P O
P O
P O
t e s t n e w m e t h o d s
t e s t n e w m e t h o d s
I
t e s t s t r e a m s ; n e w f u e l b l e n d s
t e s t s t r e a m s ; t e s t n e w m e t h o d s
t e s t s t r e a m s ; t e s t n e w m e t h o d s
t e s t s t r e a m s ; t e s t n e w m e t h o d s
t e s t s t r e a m s ; t e s t n e w m e t h o d s
s o l v e n t s
s o l v e n t s
t e s t i n g c r u d e , r e f i n e r y s t r e a m s , n e w m e t h o d s
t e s t i n g c r u d e , r e f i n e r y s t r e a m s , n e w m e t h o d s
s o l v e n t s
s o l v e n t s
t e s t s t r e a m s ;
t e s t s t r e a m s ;
s o l v e n t s
s o l v e n t s
t e s t s t r e a m s , n e w m e t h o d s
t e s t s t r e a m s , n e w m e t h o d s
t e s t s t r e a m s , n e w m e t h o d s
t e s t s t r e a m s , n e w m e t h o d s
t e s t s t r e a m s , n e w m e t h o d ; s o l v e n t
t e s t s t r e a m s , n e w m e t h o d ; s o l v e n t
t e s t s t r e a m s
,
n e w m e t h o d ; s o l v e n t
t e s t s t r e a m s , n e w m e t h o d ; s o l v e n t
t e s t s t r e a m s , n e w m e t h o d ; s o l v e n t
t e s t s t r e a m s
,
n e w m e t h o d ; s o l v e n t
t e s t s t r e a m s , n e w m e t h o d s
t e s t s t r e a m s
,
n e w m e t h o d s
t e s t s t r e a m s , n e w m e t h o d s
t e s t s t r e a m s , n e w m e t h o d s
s t e a m p r o d u c t i o n ( R 1 5 )
s t e a m p r o d u c t i o n { R 1 5 )
c o o l i n g w a t e r t r e a t m e n t ( R 1 5 , R 3 4 )
c o o l i n g w a t e r t r e a t m e n t ( R 1 5 , R 3 4 )
c h r o m a t e s a n d d i c h r o m a t e s - c o o l i n g w a t e r a d d i t i v e s ( R 1 5 )
c h r o m a t e s a n d d i c h r o m a t e s - c o o l i n g w a t e r a d d i t i v e s ( R 1 5 )
s t e a m p r o d u c t i o n { R 8 1 )
s t e a m p r o d u c t i o n { R 8 1 )
b o i l i n g w a t e r a d d i t i v e ( R 3 4 )
b o i l i n g w a t e r a d d i t i v e ( R 3 4 )
h c ' s - s t e a m p r o d u c t i o n ( R 1 5 )
h c ' s - s t e a m p r o d u c t i o n ( R 1 5 |
h c ' s - s t e a m p r o d u c t i o n | R 1 5 )
h c ' s - s t e a m p r o d u c t i o n ( R 1 5 )
s t e a m p r o d u c t i o n ( R 1 5 , R 8 1 )
s t e a m p r o d u c t i o n ( R 1 5 , R 8 1 )
s t e a m p r o d u c t i o n ( R 8 1 )
s t e a m p r o d u c t i o n ( R 8 1 )
s t e a m p r o d u c t i o n ( R 8 1 ) ; c o m b u s t i o n p r o d u c t ( R 3 4 )
s t e a m p r o d u c t i o n ( R 8 1 ) ; c o m b u s t i o n p r o d u c t ( R 3 4 )
f u r n a c e s ( R 3 4 )
f u r n a c e s ( R 3 4 )
s t e a m p r o d u c t i o n ( R 8 1 )
s t e a m p r o d u c t i o n ( R 8 1 )
o r g a n o p h o s p h a t e s a s c o o l i n g w a t e r a d d i t i v e s ( R 1 5 )
o r g a n o p h o s p h a t e s a s c o o l i n g w a t e r a d d i t i v e s ( R 1 5 )
s t e a m p r o d u c t i o n ( R 8 1 )
s t e a m p r o d u c t i o n ( R 8 1 |
t o k e e p p H
t o k e e p p H ; ( a t c o o l i n g t o w e r , R 6 8 )
s t e a m p r o d u c t i o n , f u r n a c e s ( R 1 5 ) ; f u r n a c e s ( R 3 4 )
s t e a m p r o d u c t i o n , f u r n a c e s ( R 1 5 ) ; f u r n a c e s ( R 3 4 )
s t e a m p r o d u c t i o n ( R 8 1 )
2 8 0 0 S A 5 5 S u l f u r i c A c i d
2 8 0 0 S A 5 8 V a n a d i u m Co mp o u n d s
2 8 0 0 S A 5 8 V a n a d i u m Co mp o u n d s
2 8 0 0 G A 5 9 Z i n c
2 8 0 0 S A 5 9 Z i n c
2 8 0 0 G A 7 A r s e n i c c o m p o u n d s
2 8 0 0 S A T A r s e n i c c o m p o u n d s
2 8 1 0 G A 1 2 C h l o r i n e i C h l o r i d e s
2 8 1 0 S A 1 2 C h l o r i n e t C h l o r i d e s
2 8 1 0 S A 1 3 C h r o m i u m , C r c o m p o u n d s
2 8 1 0 S A 1 3 C h r o m i u m , C r c o m p o u n d s
2 8 1 0 G A 2 5 H y d r a z i n e
2 8 1 0 S A 2 5 H y d r a z i n e
2 8 1 0 G A 4 6 P h o s p h o r i c a c i d / p h o s p h o r u s c o m p o u n d
2 8 1 0 S A 4 6 P h o s p h o r i c a c i d / p h o s p h o r u s c o m p o u n d
2 8 1 0 G A 5 2 C a u s t i c s
2 8 1 0 S A 5 2 C a u s t i c s
2 8 1 0 G A l A r s e n i c c o mp o u n d s
2 8 1 0 S A 7 A r s e n i c c o mp o u n d s
2 8 2 0 G A l l C a r b o n M o n o x i d e
2 8 2 0 S A l l C a r b o n M o n o x i d e
2 8 2 0 G A n Co p p e r , Cu c o m p o u n d s
2 8 2 0 S A n C o p p e r , C u c o m p o u n d s
2 8 2 0 G A 2 5 H y d r a z i n e
2 8 2 0 S A 2 5 H y d r a z i n e
2 8 2 0 G A 2 6 A l i p h a t i c h y d r o c a r b o n s
2 8 2 0 S A 2 6 A l i p h a t i c h y d r o c a r b o n s
2 8 2 0 G A 2 7 A r o m a t i c h y d r o c a r b o n s
2 8 2 0 S A 2 7 A r o m a t i c h y d r o c a r b o n s
2 8 2 0 G A 3 1 H 2 S , S u l f u r c o m p o u n d s
2 8 2 0 S A 3 1 H 2 S , S u l f u r c o mp o u n d s
2 8 2 0 G A 3 3 K e t o n e s
2 8 2 0 S A 3 3 K e t o n e s
2 8 2 0 G A 4 0 N i c k e l
2 8 2 0 S A 4 0 N i c k e l
2 8 2 0 G A 4 1 O x i d e s o f N i t r o g e n
2 8 2 0 S A 4 1 O x i d e s o f N i t r o g e n
2 8 2 0 G A 4 3 Ph e n o l
2 8 2 0 S A 4 3 P h e n o l
2 8 2 0 G A 5 A m mo n i a
2 8 2 0 S A 5 A m m o n i a
2 8 2 0 G A 5 4 S u l f u r d i o x i d e ,
2 8 2 0 S A 5 4 S u l f u r d i o x i d e ,
2 8 2 0 G A S S S u l f u r i c A c i d
2 8 2 0 S A S S S u l f u r i c A c i d
2 8 2 0 G A 5 8 V a n a d i u m C o m p o u n d s
2 8 2 0 S A S S V a n a d i u m C o m p o u n d s
2 8 2 0 G A 5 9 Z i n c
2 8 2 0 S A 5 9 Z i n c
2 8 3 0 G A 1 2 C h l o r i n e ( C h l o r i d e s
2 8 3 0 S A 1 2 C h l o r i n e t C h l o r i d e s
2 8 3 0 G A 1 3 C h r o m i u m , C r c o mp o u n d s
2 8 3 0 S A 1 3 C h r o m i u m , C r c o m p o u n d s
2 8 3 0 G A 4 6 Ph o s p h o r i c a c i d / p h o s p h o r u s c o m p o u n d
2 8 3 0 S A 4 6 P h o s p h o r i c a c i d / p h o s p h o r u s c o mp o u n d
2 8 3 0 G A 5 2 C a u s t i c s
2 8 3 0 S A 5 2 C a u s t i c s
2 8 3 0 G A 7 A r s e n i c c o m p o u n d s
2 8 3 0 3 A 7 A r s e n i c c o m p o u n d s
2 9 0 0 G A l O t e r t - B u t y l a l c o h o l
2 9 0 0 S A l O t e r t - B u t y l a l c o h o l
2 9 0 0 G A 1 5 C o b a l t , C o c o m p o u n d s
o t h e r s u l f u r o x i d e s
o t h e r s u l f u r o x i d e s
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 2 3
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 7 4
0 1 0 1 7 4
0 1 0 1 1 0
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
P O
PC
P O
P O
P O
P O
P O
P R
P R
P O
P O
PO
P O
P O
PO
PO
PO
PO
PO
PR
PR
PO
PO
PO
PO
PO
PO
PO
PO
PO
PO
PO
PO
PO
PO
PO
PO
PO
PO
PO
PO
PO
PO
P O
P O
PO
P O
P O
PO
PR
P R
P O
PO
PO
PO
PO
A C
P O
P O
PO
PO
PO
s t e a m p r o d u c t i o n
s t e a m p r o d u c t i o n
s t e a m p r o d u c t i o n
s t e a m p r o d u c t i o n
s t e a m p r o d u c t i o n
c l e a n i n g o f c o m b u s t i o n d e p o s i t s ( R 3 4 )
c l e a n i n g o f c o m b u s t i o n d e p o s i t s ( R 3 4 )
( R 8 1 )
{ R 8 1 ) ;
( R 8 1 ) ;
( R 8 1 )
( R 8 1 )
a r s e n a t e s a s c o o l i n g w a t e r a d d i t i v e ( R 1 5 )
a r s e n a t e s a s c o o l i n g w a t e r a d d i t i v e ( R 1 5 )
c o o l i n g w a t e r t r e a t m e n t ( R 1 5 , R 3 4 )
c o o l i n g w a t e r t r e a t m e n t ( R 1 5 , R 3 4 )
c h r o m a t e s a n d d i c h r o m a t e s - c o o l i n g w a t e r a d d i t i v e s ( R 1 5 )
c h r o m a t e s a n d d i c h r o m a t e s - c o o l i n g w a t e r a d d i t i v e s ( R 1 5 )
b o i l i n g w a t e r a d d i t i v e ( R 3 4 )
b o i l i n g w a t e r a d d i t i v e ( R 3 4 )
o r g a n o p h o s p h a t e s a s c o o l i n g w a t e r a d d i t i v e s ( R 1 5 )
o r g a n o p h o s p h a t e s a s c o o l i n g w a t e r ,
a d d i t i v e s ( R 1 5 )
t o k e e p p H
t o k e e p p H
a r s e n a t e s a s c o o l i n g w a t e r a d d i t i v e ( R 1 5 )
a r s e n a t e s a s c o o l i n g w a t e r a d d i t i v e ( R I S )
s t e a m p r o d u c t i o n ( R 1 5 )
s t e a m p r o d u c t i o n ( R 1 5 )
s t e a m p r o d u c t i o n ( R 8 1 )
s t e a m p r o d u c t i o n ( R 8 1 )
b o i l i n g w a t e r a d d i t i v e ( R 3 4 )
b o i l i n g w a t e r a d d i t i v e ( R 3 4 )
h c ' s - s t e a m p r o d u c t i o n ( R 1 5 )
h c ' s - s t e a m p r o d u c t i o n ( R I S )
h c ' s - s t e a m p r o d u c t i o n ( R I S )
h c ' s - s t e a m p r o d u c t i o n ( R I S )
s t e a m p r o d u c t i o n ( R I S , R 8 1 )
( R I S , R 8 1 )
( R 8 1 )
( R 8 1 )
( R 8 1 )
( R 8 1 )
s t e a m p r o d u c t i o n
s t e a m p r o d u c t i o n
s t e a m p r o d u c t i o n
s t e a m p r o d u c t i o n
s t e a m p r o d u c t i o n
f u r n a c e s ( R 3 4 )
f u r n a c e s ( R 3 4 )
s t e a m p r o d u c t i o n
s t e a m p r o d u c t i o n
s t e a m p r o d u c t i o n
s t e a m p r o d u c t i o n
c o mb u s t i o n p r o d u c t ( R 3 4 )
c o mb u s t i o n p r o d u c t ( R 3 4 )
( R S I )
( R 8 1 )
( R 8 1 )
( R 8 1 )
s t e a m p r o d u c t i o n , f u r n a c e s ( R 1 5 ) ; f u r n a c e s
s t e a m p r o d u c t i o n , f u r n a c e s ( R 1 5 ) ; f u r n a c e s
s t e a m p r o d u c t i o n ( R 8 1 )
s t e a m p r o d u c t i o n ( R 8 1 )
( R 8 1 ) ;
( R 8 1 ) ;
( R 8 1 )
( R 8 1 I
s t e a m p r o d u c t i o n
s t e a m p r o d u c t i o n
s t e a m p r o d u c t i o n
s t e a m p r o d u c t i o n
c o o l i n g w a t e r t r e a t m e n t
c o o l i n g w a t e r t r e a t m e n t
( R 3 4 )
( R 3 4 )
c l e a n i n g o f c o mb u s t i o n d e p o s i t s ( R 3 4 )
c l e a n i n g o f c o mb u s t i o n d e p o s i t s ( R 3 4 )
( R I S , R 3 4 )
( R I S , R 3 4 )
c h r o m a t e s a n d d i c h r o m a t e s - c o o l i n g w a t e r a d d i t i v e s
c h r o m a t e s a n d d i c h r o m a t e s - c o o l i n g w a t e r a d d i t i v e s
o r g a n o p h o s p h a t e s a s c o o l i n g w a t e r a d d i t i v e s ( R I S )
o r g a n o p h o s p h a t e s a s c o o l i n g w a t e r a d d i t i v e s ( R I S )
t o k e e p p H
t o k e e p p H ; ( a t c o o l i n g t o w e r , R 6 8 )
a r s e n a t e s a s c o o l i n g w a t e r a d d i t i v e ( R I S )
a r s e n a t e s a s c o o l i n g w a t e r a d d i t i v e ( R I S )
u n l e a d e d g a s o l i n e b l e n d i n g ( R 3 4 )
u n l e a d e d g a a o l l n o b l e n d i n g ( R 3 4 )
B t o r a g e S b l e n d , M S H d i s t ( R 8 1 )
( R I S )
( R I S )
2 9 0 0
2 9 0 0
2 9 0 0
2 9 0 0
2 9 0 0
2 9 0 0
2 9 0 0
2 9 0 0
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r e s i d u a l s p r o c e s s i n g , v a c d i s t
r e s i d u a l s p r o c e s s i n g , v a c d i s t
( R 3 4 I ; a s p h b l o w i n g ( R 8 1 )
( R 3 4 ) ; a s p h b l o w i n g ( R8 1 )
r e s i d u a l f u e l s ( R 3 4 ) ; i n c r u d e
r e s i d u a l f u e l s ( R 3 4 ) ; i n c r u d e
( R 3 3 ) ;
1R 3 3 ) ;
c o n e
c o n e
i n
i n
b o t t o m s
b o t t o m s
{ R 3 3 ) ;
( R 3 3 ) ;
c o n e
c o n e
i n b o t t o m s
i n b o t t o m s
( R 3 4 ) ;
( R 3 4 ) ;
f e r r i c c h l o r i d e c a t a l y s t f o r a i r b l o w i n g ( R I S )
p r e s e n t f o r a s p h b l o w i n g
p r e s e n t f o r a s p h b l o w i n g
( R 1 5 ,
( R 1 5 ,
R 8 1 )
R 8 1 )
3 6 3 0 S A 3 2 I r o n c o m p o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 PO
3 6 3 0 G A 3 3 K e t o n e s 0 1 0 1 1 0 1 2 3 1 9 3 PO
3 6 3 0 S A 3 3 Ke t o n e s 0 1 0 1 1 0 1 2 3 1 9 3 P O
3 6 3 0 G A 3 9 M o l y b d e n u m 0 1 0 1 1 0 1 2 3 1 9 3 PO
3 6 3 0 S A 3 9 M o l y b d e n u m 0 1 0 1 1 0 1 2 3 1 9 3 P O
3 6 3 0 G A 4 A r o m a t i c a m i n e s 0 1 0 1 1 0 1 2 3 1 9 3 PO
3 6 3 0 S A 4 A r o m a t i c a m i n e s 0 1 0 1 1 0 1 2 3 1 9 3 PO
3 6 3 0 G A 4 0 N i c k e l 0 1 0 1 1 0 1 2 3 1 9 3 PO
3 6 3 0 S A 4 0 N i c k e l 0 1 0 1 1 0 1 2 3 1 9 3 PO
3 6 3 0 G A 4 3 P h e n o l 0 1 0 1 1 0 1 2 3 1 9 3 P O
3 6 3 0 S A 4 3 P h e n o l 0 1 0 1 1 0 1 2 3 1 9 3 P O
3 6 3 0 G A 4 6 P h o s p h o r i c a c i d / p h o s p h o r u s c o m p o u n d 0 1 0 1 1 0 1 2 3 1 9 3 PO
3 6 3 0 S A 4 6 Ph o s p h o r i c a c i d / p h o s p h o r u s c o m p o u n d 0 1 0 1 1 0 1 2 3 1 9 3 P O
3 6 3 0 G A 4 8 Po l y n u c A r o m a t i c s 0 1 0 1 1 0 1 2 3 1 9 3 A C
3 6 3 0 S A 4 8 Po l y n u c A r o m a t i c s 0 1 0 1 1 0 1 2 3 1 9 3 A C
3 6 3 0 G A 5 A mm o n i a 0 1 0 1 1 0 1 2 3 1 9 3 P R
3 6 3 0 S A 5 A m m o n i a 0 1 0 1 1 0 1 2 3 1 9 3 P R
3 6 3 0 G A 5 4 Su l f u r d i o x i d e , o t h e r s u l f u r o x i d e s 0 1 0 1 1 0 1 2 3 1 9 3 PR
3 6 3 0 S A 5 4 Su l f u r d i o x i d e , o t h e r s u l f u r o x i d e s 0 1 0 1 1 0 1 2 3 1 9 3 PR
3 6 3 0 G A 5 8 V a n a d i u m C o m p o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 PR
3 6 3 0 S A 5 8 V a n a d i u m C o m p o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 PR
3 6 3 0 G A 9 A s p h a l t s , A s p h a l t f u m e s , P i t c h 0 1 0 1 1 0 1 2 3 1 9 3 A C
3 6 3 0 S A 9 A s p h a l t s , A s p h a l t f u m e s . P i t c h 0 1 0 1 1 0 1 2 3 1 9 3 A C
3 6 4 0 G A l l C a r b o n M o n o x i d e 0 1 0 1 1 0 1 2 3 1 9 3 PR
3 6 4 0 S A l l C a r b o n M o n o x i d e 0 1 0 1 1 0 1 2 3 1 9 3 PR
3 6 4 0 G A 1 5 C o b a l t , C o c o m p o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 P O
3 6 4 0 S A 1 5 C o b a l t , C o c o mp o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 P O
3 6 4 0 G A 1 6 C o k e 0 1 0 1 1 0 1 2 3 1 9 3 PO
3 6 4 0 S A 1 6 C o k e 0 1 0 1 1 0 1 2 3 1 9 3 PO
3 6 4 0 G A 2 6 A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 1 0 1 2 3 1 9 3 A C
3 6 4 0 S A 2 6 A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 1 0 1 2 3 1 9 3 A C
3 6 4 0 G A 2 7 A r o m a t i c h y d r o c a r b o n s 0 1 0 1 1 0 1 2 3 1 9 3 A C
3 6 4 0 S A 2 7 A r o m a t i c h y d r o c a r b o n s 0 1 0 1 1 0 1 2 3 1 9 3 A C
3 6 4 0 G A 3 1 H 2 S , S u l f u r c o mp o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 P R
3 6 4 0 S A 3 1 H 2 S , S u l f u r c o mp o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 P R
3 6 4 0 G A 3 3 K e t o n e s 0 1 0 1 1 0 1 2 3 1 9 3 P O
3 6 4 0 S A 3 3 K e t o n e s 0 1 0 1 1 0 1 2 3 1 9 3 P O
3 6 4 0 G A 3 9 M o l y b d e n u m 0 1 0 1 1 0 1 2 3 1 9 3 PO
3 6 4 0 S A 3 9 M o l y b d e n u m 0 1 0 1 1 0 1 2 3 1 9 3 P O
3 6 4 0 G A 4 A r o m a t i c a m i n e s 0 1 0 1 1 0 1 2 3 1 9 3 P O
3 6 4 0 S A 4 A r o m a t i c a m i n e s 0 1 0 1 1 0 1 2 3 1 9 3 P O
3 6 4 0 G A 4 0 N i c k e l 0 1 0 1 1 0 1 2 3 1 9 3 P O
3 6 4 0 S A 4 0 N i c k e l 0 1 0 1 1 0 1 2 3 1 9 3 P O
3 6 4 0 G A 4 3 P h e n o l 0 1 0 1 1 0 1 2 3 1 9 3 PO
3 6 4 0 S A 4 3 Ph e n o l 0 1 0 1 1 0 1 2 3 1 9 3 P O
3 6 4 0 G A 4 8 Po l y n u c A r o m a t i c s 0 1 0 1 1 0 1 2 3 1 9 3 A C
3 6 4 0 S A 4 8 Po l y n u c A r o m a t i c s 0 1 0 1 1 0 1 2 3 1 9 3 A C
3 6 4 0 G A 5 A mm o n i a 0 1 0 1 1 0 1 2 3 1 9 3 PR
3 6 4 0 S A 5 A mm o n i a 0 1 0 1 1 0 1 2 3 1 9 3 P R
3 6 4 0 G A 5 4 S u l f u r d i o x i d e , o t h e r s u l f u r o x i d e s 0 1 0 1 1 0 1 2 3 1 9 3 PR
3 6 4 0 S A 5 4 S u l f u r d i o x i d e , o t h e r s u l f u r o x i d e s 0 1 0 1 1 0 1 2 3 1 9 3 P R
3 6 4 0 G A 5 8 V a n a d i u m C o mp o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 P R
3 6 4 0 S A 5 8 V a n a d i u m C o mp o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 P R
3 6 4 0 G A 9 A s p h a l t s , A s p h a l t f u m e s . P i t c h 0 1 0 1 1 0 1 2 3 1 9 3 A C
3 6 4 0 S A 9 A s p h a l t s , A s p h a l t f u m e s . P i t c h 0 1 0 1 1 0 1 2 3 1 9 3 A C
3 7 0 0 G A l A l u m i n a 0 1 0 1 1 0 1 2 3 1 9 3 PO
3 7 0 0 S A l A l u m i n a 0 1 0 1 1 0 1 2 3 1 9 3 PO
3 7 0 0 G A 1 4 C l a y s 0 1 0 1 1 0 1 2 3 1 9 3 PO
3 7 0 0 S A 1 4 C l a y s 0 1 0 1 1 0 1 2 3 1 9 3 P O
3 7 0 0 S A 1 7 C o p p e r , C u C o m p o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 PR
3 7 0 0 G A 2 3 F u r f u r a l 0 1 0 1 1 0 1 2 3 1 9 3 P O
3 7 0 0 S A 2 3 F u r f u r a l 0 1 0 1 1 0 1 2 3 1 9 3 P O
f e r r i c c h l o r i d e c a t a l y s t f o r a i r b l o w i n g ( R 1 5 )
r e s i d u a l s p r o c e s s i n g , v a c d i s t ( R 3 4 ) ; a s p h b l o w i n g ( R 8 1 )
r e s i d u a l s p r o c e s s i n g , v a c d i s t ( R 3 4 ) ; a s p h b l o w i n g ( R 8 1 )
a s p h b l o w i n g ( R 8 1 )
a s p h b l o w i n g ( R 8 1 )
r e s i d p r o c e s s i n g ( R 3 4 )
r e s i d p r o c e s s i n g ( R 3 4 )
a s p h b l o w i n g ( R 8 1 ) ; i n c r u d e ( R 3 3 ) ; c o n e i n b o t t o m s
a s p h b l o w i n g ( R 8 1 ) ; i n c r u d e ( R 3 3 ) ; c o n e i n b o t t o m s
r e s i d u a l s p r o c e s s i n g , v a c d i s t ( R 3 4 )
r e s i d u a l s p r o c e s s i n g , v a c d i s t ( R 3 4 )
p h o s p e n t o x i d e c a t f o r a i r b l o w i n g ( R 1 5 )
p h o s p e n t o x i d e c a t f o r a i r b l o w i n g ( R 1 5 )
a s p h a l t p r o c e s s i n g ( R 3 4 I
a s p h a l t p r o c e s s i n g ( R 3 4 (
r e s i d u a l s p r o c e s s i n g , v a c d i s t { R 3 4 ) ; a s p h b l o w i n g ( R 8 1 )
r e s i d u a l s p r o c e s s i n g , v a c d i s t | R 3 4 ) ; a s p h b l o w i n g I R 8 1 )
a i r b l o w i n g m a y o x i d i z e S ; p r e s e n t f o r a i r b l o w i n g ( R 1 5 ,
a i r b l o w i n g m a y o x i d i z e S ; p r e s e n t f o r a i r b l o w i n g ( R 1 5 ,
( R 8 1 ) ;
{ R 8 1 I ;
t R 3 4 )
( R 3 4 )
( R 8 1 )
( R 8 1 )
( R 8 1 ) ;
( R 8 1 ) ;
( R 8 1 )
( R 8 1 )
v a c d i s t , r e s i d u a l f u e l s
v a c d i s t , r e s i d u a l f u e l s
( R 3 4 ) i
( R 3 4 ) j
i n c r u d e
i n c r u d e
( R 3 3 ) ;
( R 3 3 ) ;
c o n e i n b o t t o m s
c o n e i n b o t t o m s
v a c d i s t
v a c d i s t
v a c d i s t
v a c d i s t
( R 3 4 ) ;
( R 3 4 ) ;
( R 3 4 ) ;
( R 3 4 ) ;
a s p h b l o w i n g
a s p h b l o w i n g
a s p h a l t d e p t
a s p h a l t d e p t
a s p h b l o w i n g
a s p h b l o w i n g
a s p h b l o w i n g
a s p h b l o w i n g
a s p h b l o w i n g
a s p h b l o w i n g
i n a s p h a l t
i n a s p h a l t
p o l y n u c l e a r A G
'
s ( R 3 4 )
p o l y n u c l e a r A G
'
s ( R 3 4 )
r e s i d u a l s p r o c e s s i n g ,
r e s i d u a l s p r o c e s s i n g ,
r e s i d u a l s p r o c e s s i n g ,
r e s i d u a l s p r o c e s s i n g ,
a s p h b l o w i n g ( R 8 1 )
a s p h b l o w i n g ( R 8 1 )
r e s i d p r o c e s s i n g ( R 3 4 )
r e s i d p r o c e s s i n g ( R 3 4 )
a s p h b l o w i n g ( R 8 1 ) ; i n c r u d e ( R 3 3 ) ; c o n e i n b o t t o m s
a s p h b l o w i n g ( R 8 1 ) ; i n c r u d e ( R 3 3 ) ; c o n e i n b o t t o m s
r e s i d u a l s p r o c e s s i n g , v a c d i s t ( R 3 4 )
r e s i d u a l s p r o c e s s i n g , v a c d i s t ( R 3 4 )
a s p h a l t p r o c e s s i n g ( R 3 4 )
a s p h a l t p r o c e s s i n g ( R 3 4 )
r e s i d u a l s p r o c e s s i n g , v a c d i s t ( R 3 4 ) ;
r e s i d u a l s p r o c e s s i n g , v a c d i s t ( R 3 4 ) ;
a i r b l o w i n g m a y o x i d i z e S ; p r e s e n t f o r a i r b l o w i n g
a i r b l o w i n g m a y o x i d i z e S ; p r e s e n t f o r a i r b l o w i n g
a s p h b l o w i n g ( R 8 1 ) ; v a c d i s t , r e s i d u a l f u e l s | R 3 4 )
a s p h b l o w i n g ( R 8 1 ) ; v a c d i s t , r e s i d u a l f u e l s ( R 3 4 )
a s p h a l t d e p t ( R 3 4 )
a s p h a l t d e p t ( R 3 4 )
s o a p c a t i o n i n g r e a s e m a n u f a c t u r e
s o a p c a t i o n i n g r e a s e m a n u f a c t u r e
g r e a s e f i l l e r s ( R 3 4 )
g r e a s e f i l l e r s | R 3 4 )
R 7 5 - s m a m t s p r e s e n t i n
' 7 5
o i l a n d g r e a s e m a n u f a c t u r e ( R 3 4 ) ;
o i l a n d g r e a s e m a n u f a c t u r e ( R 3 4 ) ;
R 8 1 )
R 8 1 )
i n c r u d e ( R 3 3 ) ; c o n e i n b o t t o m s
i n c r u d e ( R 3 3 ) ; c o n e i n b o t t o m s
p r e s e n t f o r a s p h b l o w i n g ( R 1 5 , R 8 1 )
p r e s e n t f o r a s p h b l o w i n g ( R 1 5 , R S I )
a s p h b l o w i n g ( R 8 1 )
a s p h b l o w i n g ( R 8 1 )
a s p h b l o w i n g
a s p h b l o w i n g
( R 8 1 )
( R 8 1 )
( R 1 5 , R 8 1 )
( R 1 5 , R 8 1 )
i n c r u d e ( R 3 3 ) ; c o n e i n b o t t o m s
i n c r u d e ( R 3 3 ) ; c o n e i n b o t t o m s
( R 1 6 )
( R 1 5 )
p o s s i b l y l e f t f r o m e x t r a c t i o n p r o c e s s
p o s s i b l y l e f t f r o m e x t r a c t i o n p r o c e s s
3 7 0 0
3 7 0 0
3 7 0 0
3 7 0 0
3 7 0 0
3 7 0 0
3 7 0 0
a s e s
3 7 0 0
a s e s
3 7 0 0
3 7 0 0
3 7 0 0
3 7 0 0
3 7 0 0
3 7 0 0
3 7 0 0
3 7 0 0
3 7 0 0
3 7 0 0
3 7 0 0
3 7 0 0
3 8 0 0
3 8 0 0
3 8 0 0
3 8 0 0
3 8 0 0
3 8 0 0
3 8 0 0
A 2 4 G r a p h i t e
A 2 4 G r a p h i t e
A 2 6 A l i p h a t i c h y d r o c a r b o n s
A 2 6 A l i p h a t i c h y d r o c a r b o n s
A 3 4 L e a d ( i n o r g a n i c c o m p o u n d s )
A 3 4 L e a d ( i n o r g a n i c c o m p o u n d s )
A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
o i l s , f a t s , s o a p s ( R l l ) ;
a n d L u b r i c a t i n g O i l s
o i l s
, f a t s , s o a p s ( R l l ) ;
G
S
G
S
G
S
G
c o m b o o f m i n e r a l
S A 3 8 M i n e r a l
c o m b o o f m i n e r a l
G A 5 1
A 5 1
A 5 2
A 5 2
o i l
o i l
S i l i c a
S i l i c a
C a u s t i c s
C a u s t i c s
A 5 3 S u l f u r
A 5 3 S u l f u r
Z i n c
Z i n c
A s b e s t o s
A s b e s t o s
A s p h a l t s ,
A s p h a l t s ,
F u r f u r a l
F u r f u r a l
A 5 9
A 5 9
A 8
A 8
A 9
A 9
A 2 3
A 2 3
A s p h a l t
A s p h a l t
f u m e s ,
f u m e s .
P i t c h
P i t c h
A 2 6 A l i p h a t i c h y d r o c a r b o n s
A 2 6 A l i p h a t i c h y d r o c a r b o n s
A 2 e C h l o r i n a t e d h y d r o c a r b o n s
A 2 8 C h l o r i n a t e d h y d r o c a r b o n s
A 3 1 H 2 S , S u l f u r c o mp o u n d s
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
a n d g r e
0 1 0 1 1 0
a n d g r e
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
d e a l v r / e x t r e m e p r e s s u r e ( R 4 9 , R 1 5 ) ;
S A 3 1 H2 S , S u l f u r c o mp o u n d s
w / e x t r e m e p r e s s u r e ( R 4 9 , R 1 5 ) ;
3 8 0 0
d e a l
3 8 0 0
3 8 0 0
3 8 0 0
f a c t u r e
3 8 0 0
f a c t u r e
3 8 0 0
t i o x i d a n t
3 8 0 0 S
t i o x i d a n t
l u b e o i l p r o c e s s i n g {
0 1 0 1 1 0
l u b e o i l p r o c e s s i n g (
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
a s e u n i t s
1 2 3 1 9 3
a s e u n i t s
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
R 3 4 )
1 2 3 1 9 3
R 3 4 )
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
G A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s 0 1 0 1 1 0
S A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s 0 1 0 1 1 0
G A 4 3 P h e n o l 0 1 0 1 1 0
( R 1 5 ) ; l u b e o i l ( R 3 4 )
S A 4 3 P h e n o l
( R 1 5 ) ; l u b e o i l ( R 3 4 )
G A 4 6 P h o s p h o r i c a c i d / p h o s p h o r u s c o m p o u n d
t R 2 5 )
A 4 6 P h o s p h o r i c a c i d / p h o s p h o r u s c o m p o u n d
( R 2 5 )
3 8 0 0 G A 5 A nm o n i a 0 1 0 1 1 0 1 2 3 1 9 3 PO
3 8 0 0 S A 5 A mm o n i a 0 1 0 1 1 0 1 2 3 1 9 3 PO
3 8 0 0 G A 5 2 C a u s t i c s 0 1 0 1 1 0 1 2 3 1 9 3 PO
3 8 0 0 S A 5 2 C a u s t i c s 0 1 0 1 1 0 1 2 3 1 9 3 PO
3 8 0 0 G A 5 9 Z i n c 0 1 0 1 1 0 1 2 3 1 9 3 PO
3 8 0 0 S A 5 9 Z i n c 0 1 0 1 1 0 1 2 3 1 9 3 PO
3 9 0 0 G A 2 6 A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 1 0 1 2 3 1 9 3 P R
3 9 0 0 S A 2 6 A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 1 0 1 2 3 1 9 3 PR
3 9 0 0 G A 2 7 A r o m a t i c h y d r o c a r b o n s 0 1 0 1 1 0 1 2 3 1 9 3 PO
3 9 0 0 S A 2 7 A r o m a t i c h y d r o c a r b o n s 0 1 0 1 1 0 1 2 3 1 9 3 PO
3 9 0 0 G A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s 0 1 0 1 1 0 1 2 3 1 9 3 PR
3 9 0 0 S A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s 0 1 0 1 1 0 1 2 3 1 9 3 PR
3 9 0 0 G A 5 2 C a u s t i c s 0 1 0 1 1 0 1 2 3 1 9 3 PO
3 9 0 0 S A 5 2 C a u s t i c s 0 1 0 1 1 0 1 2 3 1 9 3 P O
3 9 1 0 G A 2 6 A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 1 0 1 2 3 1 9 3 A C
3 9 1 0 S A 2 6 A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 1 0 1 2 3 1 9 3 A C
3 9 1 0 G A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s 0 1 0 1 1 0 1 2 3 1 9 3 A C
3 9 1 0 S A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s 0 1 0 1 1 0 1 2 3 1 9 3 A C
3 9 1 0 G A 5 2 C a u s t i c s 0 1 0 1 1 0 1 2 3 1 9 3 P O
3 9 1 0 S A 5 2 C a u s t i c s 0 1 0 1 1 0 1 2 3 1 9 3 PO
PO g r e a s e f i l l e r ( R 3 4 )
P O g r e a s e f i l l e r ( R 3 4 )
A C i n l u b e / m i n e r a l o i l ; w a x f i l l e r ( R 4 9 )
A C i n l u b e / m i n e r a l o i l ; w a x f i l l e r ( R 4 9 )
PO s o a p c a t i o n i n g r e a s e m a n u f a c t u r e ( R 1 5 )
P O s o a p c a t i o n i n g r e a s e m a n u f a c t u r e ( R 1 5 )
PR s o a p - t h i c lc e n e d m i n e r a l o i l l u b r i c a n t f o r m o r e r e f i n e d g e a r s a n d b e a r i n g s ( R 4 9 ) ; g r e
( R 3 4 )
PR s o a p - t h i c k e n e d m i n e r a l o i l l u b r i c a n t f o r m o r e r e f i n e d g e a r s a n d b e a r i n g s ( R 4 9 ) ; g r e
( R 3 4 )
PO m i c a p o s s i b l e t h i c k e n e r ( R 4 9 )
PO m i c a p o s s i b l e t h i c k e n e r ( R 4 9 )
P O t o p r e p a r e t h i c k e n e r ( R 4 9 )
P O t o p r e p a r e t h i c k e n e r { R 4 9 )
PO S p o s s i b l e t h i c k e n e r ( R 4 9 ) ^
PO S p o s s i b l e t h i c k e n e r ( R 4 9 )
PO s o a p c a t i o n i n g r e a s e m a n u f a c t u r e
PR s o a p c a t i o n I n g r e a s e m a n u f a c t u r e
PO p o s s i b l e t h i c k e n e r ( R 4 9 )
PO p o s s i b l e t h i c k e n e r ( R 4 9 )
PO p o s s i b l y i n t h i c k e n e r ( R 4 9 |
PO p o s s i b l y i n t h i c k e n e r ( R 4 9 )
PO o i l m a n u f a c t u r e ( R 3 4 ) ; p o s s i b l y l e f t f r o m e x t r a c t i o n p r o c e s s
PO o i l m a n u f a c t u r e ( R 3 4 ) ; p o s s i b l y l e f t f r o m e x t r a c t i o n p r o c e s s
A C p o l y m e r i z e d i
- b u t y l e n e V I i m p r o v e r ( R 4 9 , R 2 5 , R 1 5 ) ; i n m i n e r a l / l u b e o i l
A C p o l y m e r i z e d i - b u t y l e n e V I i m p r o v e r ( R 4 9 , R 2 5 , R 1 5 ) ; i n m i n e r a l / l u b e o i l
P O c h l p a r a f f i n w a x a s a p o u r i n h i b i t o r ( R 4 9 , R 1 5 )
P O c h l p a r a f f i n w a x a s a p o u r i n h i b i t o r ( R 4 9 , R 1 5 )
P O s u l f u i z e d t e r p e n e a n t i - b e a r i n g c o r r o s i o n ( R 4 9 , R 1 5 ) ; d i c h l o r o - d l b e n z y l d i s u l f i d e t o
PO s u l f u i z e d t e r p e n e a n t i
- b e a r i n g c o r r o s i o n ( R 4 9 , R 1 5 ) ; d i c h l o r o
- d l b e n z y l d i s u l f i d e t o
A C o i l a n d g r e a s e u n i t s ( R 3 4 )
A C o i l a n d g r e a s e u n i t s ( R 3 4 )
PO C a p h e n o l a t e d e t e r g e n t ( R 4 9 , R 1 5 ) ; p h e n o l i c c m p d s a n t i o x i d a n t s ( R 2 5 ) ; l u b e o i l m a n u
{ R 1 5 )
( R 1 6 ) ; R 7 5 - s m a m t s p r e s e n t i n
' 7 5
0 1 0 1 1 0 1 2 3 1 9 3 PO C a p h e n o l a t e d e t e r g e n t ( R 4 9 , R 1 5 ) ; p h e n o l i c c n p d s a n t i o x i d a n t s (R 2 5 ) ; l u b e o i l m a n u
0 1 0 1 1 0 1 2 3 1 9 3 PO a r o m a t i c t h i o p h o s p h a t e a n t i - o x i d a n t a n d d e t e r g e n t ( R 4 9 , R 1 5 ) ; Z i d i t h i o p h o s p h a t e a n
0 1 0 1 1 0 1 2 3 1 9 3 P O a r o m a t i c t h i o p h o s p h a t e a n t i - o x i d a n t a n d d e t e r g e n t ( R 4 9 , R 1 5 ) ; Z i d i t h i o p h o s p h a t e a n
l u b e o i l p r o c e s s i n g
l u b e o i l p r o c e s s i n g
t o r e d u c e a c i d i t y ( R 2 5 )
t o r e d u c e a c i d i t y ( R 2 5 )
Z i d i t h i o p h o s p h a t e a n t i o x i d a n t ( R 2 5 )
Z i d i t h i o p h o s p h a t e a n t i o x i d a n t ( R 2 5 )
i n g r e a s e , l u b e o i l
i n g r e a s e , l u b e o i l
p o s s i b l y i n o t h e r c o n s u m e r p r o d u c t s
p o s s i b l y i n o t h e r c o n s u m e r p r o d u c t s
l u b e o i l
l u b e o i l
t o c l e a n o u t r e - u s a b l e b a r r e l s f o r g r e a s e
t o c l e a n o u t r e - u s a b l e b a r r e l s f o r g r e a s e
i n g r e a s e , l u b e o i l
i n g r e a s e , l u b e o i l
l u b e o i l
l u b e o i l
t o c l e a n o u t r e - u s a b l e b a r r e l s f o r g r e a s e
t o c l e a n o u t r e - u s a b l e b a r r e l s f o r g r e a s e
( R l l )
( R l l )
( R l l )
( R l l )
3 9 2 0 G A 2 6 A l i p h a t i c h y d r o c a r b o n s
3 9 2 0 S A 2 6 A l i p h a t i c h y d r o c a r b o n s
3 9 2 0 G A 2 7 A r o m a t i c h y d r o c a r b o n s
3 9 2 0 S A 2 7 A r o m a t i c h y d r o c a r b o n s
3 9 2 0 G A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
3 9 2 0 S A 3 8 M i n e r a l a n d L u b r i c a t i n g O i l s
3 9 2 0 G A 5 2 C a u s t i c s
3 9 2 0 S A 5 2 C a u s t i c s
4 0 0 0 G A 2 6 A l i p h a t i c h y d r o c a r b o n s
4 0 0 0 S A 2 6 A l i p h a t i c h y d r o c a r b o n s
4 0 0 0 G A S A mmo n i a
4 0 0 0 S A 5 A m m o n i a
4 0 0 0 G A 7 2 W a x e s
4 0 0 0 S A 7 2 Wa x e s
4 1 0 0 G A l A l u m i n a
s u p p o r t ( R 2 5 , R 3 4 ) ; o l d e r c a t
4 1 0 0 G A l A l u m i n a
s u p p o r t ( R 2 5 , R 3 4 ) ; o l d e r c a t
( R 1 5 )
( R 1 5 I
4 1 0 0 S A l A l u m i n a
s u p p o r t ( R 2 5 , R 3 4 ) ; o l d e r c a t ( R 1 5 )
4 1 0 0 S A l A l u m i n a
s u p p o r t ( R 2 5 , R 3 4 ) ; o l d e r c a t { R 1 5 )
4 1 0 0 G A 1 2 C h l o r i n e ( C h l o r i d e s
4 1 0 0 S A 1 2 C h l o r i n e t C h l o r i d e s
4 1 0 0 G A 1 3 C h r o m i u m , C r c o m p o u n d s
4 1 0 0 S A 1 3 C h r o m i u m , C r c o m p o u n d s
4 1 0 0 G A 1 5 C o b a l t , C o c o m p o u n d s
2 5 ) ; p o s s i b l e c a t ( R 2 9 , R 3 4 ) ; c a t r e f o r m i n g ( R 8 1 ,
4 1 0 0 S A 1 5 C o b a l t , C o c o m p o u n d s
2 5 ) ; p o s s i b l e c a t ( R 2 9 , R 3 4 ) ; c a t r e f o r m i n g ( R 8 1 ,
4 1 0 0 G A 1 7 C o p p e r , C u c o m p o u n d s
4 1 0 0 S A 1 7 C o p p e r , C u c o m p o u n d s
4 1 0 0 G A 2 6 A l i p h a t i c h y d r o c a r b o n s
4 1 0 0 S A 2 6 A l i p h a t i c h y d r o c a r b o n s
4 1 0 0 G A 2 7 A r o m a t i c h y d r o c a r b o n s
4 1 0 0 S A 2 7 A r o m a t i c h y d r o c a r b o n s
4 1 0 0 G A 2 8 C h l o r i n a t e d h y d r o c a r b o n s
4 1 0 0 S A 2 8 C h l o r i n a t e d h y d r o c a r b o n s
4 1 0 0 G A 2 9 Hy d r o c h l o r i c A c i d
4 1 0 0 S A 2 9 Hy d r o c h l o r i c A c i d
4 1 0 0 G A 3 0 H y d r o f l u o r i c A c i d
4 1 0 0 S A 3 0 H y d r o f l u o r i c A c i d
4 1 0 0 G A 3 9 M o l y b d e n u m
l e c a t p r e - H t r e a t m e n t ( R 2 5 ) ; p o s s i b l e c a t ( R 2 9 ) ;
4 1 0 0 S A 3 9 M o l y b d e n u m
l e c a t p r e
- H t r e a t m e n t ( R 2 5 ) p o s s i b l e c a t { R 2 9 ) ;
4 1 0 0
4 1 0 0
4 1 0 0
G A 5 A mm o n i a
S A S A mm o n i a
G A 5 0 Rh e n i u m
f o r m i n g ( R 3 4 ) ; n e w e r c a t ( RI S )
4 1 0 0 S A 5 0 Rh e n i u m
f o r m i n g ( R 3 4 ) ; n e w e r c a t ( R 1 5 )
4 1 0 0
4 1 0 0
G A 5 1 S i l i c a
S A 5 1 S i l i c a
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 1 0
0 1 0 1 4 1
0 1 0 1 4 9
0 1 0 1 5 4
0 1 0 1 4 1
0 1 0 1 5 4
0 1 0 1 5 0
R 1 5 )
0 1 0 1 5 4
R 1 5 )
0 1 0 1 5 0
0 1 0 1 5 4
0 1 0 1 4 1
0 1 0 1 5 4
0 1 0 1 4 1
0 1 0 1 5 4
0 1 0 1 4 9
0 1 0 1 5 4
0 1 0 1 4 9
0 1 0 1 5 4
0 1 0 1 4 9
0 1 0 1 5 4
0 1 0 1 4 1
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 8 4
PR
PR
PO
PO
PR
PR
PO
PO
PR
PR
PO
PO
A C
A C
PO
i n g r e a s e , l u b e o i l
i n g r e a s e , l u b e o i l
p o s s i b l y i n o t h e r c o n s u m e r p r o d u c t s
p o s s i b l y I n o t h e r c o n s u m e r p r o d u c t s
l u b e o i l
l u b e o i l
t o c l e a n o u t r e - u s a b l e b a r r e l s f o r g r e a s e ( R l l )
t o c l e a n o u t r e - u s a b l e b a r r e l s f o r g r e a s e ( R l l )
w a x
w a x
p o s s i b l e
p o s s i b l e
w a x
w a x
u s u a l s u p p o r t m a t e r i a l ( R 2 9 , R 3 9 | , d e f i n b y 8 5 ( R 3 9 ) ; p o s s i b l e c a t ( R 4 9 ) ; p o s s i b l e
r e f r i g e r a n t t o k e e p c o o l
r e f r i g e r a n t t o )c e e p c o o l
0 1 0 1 8 5 1 2 3 1 9 3 A C u s u a l s u p p o r t m a t e r i a l ( R 2 9 , R 3 9 ) , d e f i n b y 8 5 ( R 3 9 ) ; p o s s i b l e c a t ( R 4 9 ) ; p o s s i b l e
0 1 0 1 5 4 1 2 3 1 8 4 PO u s u a l s u p p o r t m a t e r i a l ( R2 9 , R 3 9 ) , d e f i n b y 8 5 ( R 3 9 ) ; p o s s i b l e c a t { R 4 9 ) ; p o s s i b l e
0 1 0 1 8 5 1 2 3 1 9 3 A C u s u a l s u p p o r t m a t e r i a l ( R 2 9 , R 3 9 ) , d e f i n b y 8 5 ( R 3 9 ) ; p o s s i b l e c a t ( R 4 9 ) ; p o s s i b l e
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
PO
PO
PO
PO
PO
C h l o r i d e d A 1 0 3 p r e d o m . p r o m o t e r ( R 3 9 , R 2 5 )
C h l o r i d e d A 1 0 3 p r e d o m . p r o m o t e r ( R 3 9 , R 2 5 )
C h r o m l a a p r e
- P t c a t ( R 3 9 ) ; p o s s i b l e c a t ( R 4 9 ,
C h r o m i a a p r e - P t c a t ( R 3 9 )
C o - M o l y b d e n a p o s s i b l e c a t
; p o s s i b l e c a t
( h y d r o f o r m i n g )
( R 4 9 ,
( R 4 9 )
R 2 9 , R 3 4 ) ; c a t r e f o r m i n g ( R 8 1 , R 1 5 )
R 2 9 , R 3 4 ) ; c a t r e f o r m i n g ( R 8 1 , R 1 5 )
p r o b a b l e c a t f o r p r e - H t r e a t m e n t ( R
1 2 3 1 9 3 PO C o - M o l y b d e n a p o s s i b l e c a t ( h y d r o f o r m l n g ) ( R 4 9 ) ; p r o b a b l e c a t f o r p r e - H t r e a t m e n t ( R
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
P O
PO
A C
A C
A C
A C
PO
P R
P O
PO
P O
PO
P O
4 1 0 0 G A 4 2 P a l l a d i u m
4 1 0 0 S A 4 2 Pa l l a d i u m
4 1 0 0 G A 4 4 Ph o s g e n e
4 1 0 0 S A 4 4 Ph o s g e n e
4 1 0 0 G A 4 7 P l a t i n u m
/ 3 h a d P t 5 3 - 6 0 ( R 4 9 ) , a l l b u i l t 5 5 - 5 9 ( R 2 9 ) ; c a t
4 1 0 0 S A 4 7 P l a t i n u m
/ 3 h a d P t 5 3 - 6 0 ( R 4 9 ) , a l l b u i l t 5 5 - 5 9 ( R 2 9 ) ; c a t
p o s s i b l e p r o m o t e r
p o s s i b l e p r o m o t e r
p o s s i b l e p r o m o t e r
M o O x i d e a p r e
- P t
c a t r e f o r m i n g ( R 3 4 , R 1 5 , R 8 1 )
0 1 0 1 5 4 1 2 3 1 9 3 P O M o O x i d e a p r e
- P t
c a t r e f o r m i n g ( R 3 4 , R I S , R 8 1 )
p o s s i b l e c a t ( R 3 4 )
p o s s i b l e c a t ( R 3 4 )
f e e d ( R 4 9 ) ; f e e d ( 9 0 - 9 5 % ) ( R 2 5 ) ; c a t r e f o r m i n g ( R 1 5 )
f e e d ( R 4 9 ) ; f e e d ( 9 0 - 9 5 % ) ( R 2 5 ) ; c a t r e f o r m i n g ( R 1 5 )
p r o d u c t ( R 4 9 ) ; p r o d ( 4 5 - 6 0 % ) ( R 2 5 ) ; c a t r e f o r m i n g ( R 3 4 , R 1 5 )
p r o d u c t ( R 4 9 ) ; p r o d ( 4 5
- 6 0 % ) ( R 2 5 ) ; c a t r e f o r m i n g ( R 3 4 , R1 5 )
r e j u v e n o f c a t - c a t r e f o r m i n g ( R 3 4 )
r e j u v e n o f c a t - c a t r e f o r m i n g ( R 3 4 ) ; m e t h y l c h l o r o f o r m ( R 7 5 s 7 6 )
p o s s i b l e p r o m o t e r ( R 3 9 ) ; h a l i d e s h y d r o g e n a t e d ( R 2 9 )
( R 3 9 ) ; h a l i d e s h y d r o g e n a t e d ( R 2 9 )
( R 3 9 ) ; h a l i d e s h y d r o g e n a t e d ( R 2 9 )
( R 3 9 ) ; h a l i d e s h y d r o g e n a t e d ( R 2 9 )
c a t ( R 3 9 ) ; C o - M o l y b d e n a p o s s i b l e c a t ( h y d r o f o r m l n g ) ( R 4 9 ) ; p r o b a b
c a t { R 3 9 ) ; C o - M o l y b d e n a p o s s i b l e c a t ( h y d r o f o r m l n g ) ( R 4 9 ) ; p r o b a b
0 1 0 1 6 7
0 1 0 1 6 5
0 1 0 1 4 9
0 1 0 1 5 4
0 1 0 1 4 9
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
r e f o r m i n g ( R 3 4 ) ;
0 1 0 1 5 4 1 2 3 1 9 3
r e f o r m i n g ( R 3 4 ) ;
0 1 0 1 4 1 1 2 3 1 9 3
0 1 0 1 5 4 1 2 3 1 9 3
0 1 0 1 6 7 1 2 3 1 9 3
P O c a t r e f o r m i n g ( R 3 4 )
P O c a t r e f o r m i n g ( R 3 4 )
P O c a t r e f o r m i n g ( R 3 4 )
PO c a t r e f o r m i n g ( R 3 4 )
P O P t o n A 1 0 3 c a t U O P ' 4 9 , b i m e t a l l i c 1 9 6 7 - P t a l w a y s 1 o f t h e m ( b y 8 4 ) ( R 3 9 , R 2 5 ) ; 2
n e w e r c a t ( R 1 5 )
P O P t o n A 1 0 3 c a t U O P ' 4 9 , b i m e t a l l i c 1 9 6 7 - P t a l w a y s 1 o f t h e m (b y 8 4 ) ( R 3 9 , R 2 5 ) ; 2
n e w e r c a t ( R I S )
P O N h y d r o g e n a t e d ( R 4 9 , R 2 5 , R 2 9 )
PO N h y d r o g e n a t e d ( R 4 9 , R 2 5 , R2 9 ) ; ( R 6 8 )
P O p o s s i b l e 2 n d c a t i n b i m e t a l , c a t
'
s ( I n t r o 6 7 ) ( R 3 9 ) ; p r o b a b l e 2 n d c a t ( R 2 5 ) ; c a t r e
0 1 0 1 6 7 1 2 3 1 9 3 P R p o s s i b l e 2 n d c a t i n b i m e t a l , c a t
'
s ( I n t r o 6 7 ) ( R 3 9 ) ; p r o b a b l e 2 n d c a t ( R 2 5 ) ; c a t r e
0 1 0 1 4 9
0 1 0 1 5 4
1 2 3 1 9 3
1 2 3 1 9 3
PO
PO
p r o b a b l e s u p p o r t ( R 2 5 )
p r o b a b l e s u p p o r t ( R 2 S )
4 1 0 0 G A 6 5 B e n z e n e
4 1 0 0 S A 6 5 B e n z e n e
4 1 0 0 G A 6 6 T o l u e n e
4 1 0 0 S A 6 6 T o l u e n e
4 1 0 0 G A 6 7 I r i d i u m
4 1 0 0 S A 6 7 I r i d i u m
4 1 0 0 G A 6 8 G e r m a n i u m
4 1 0 0 S A 6 8 G e r m a n i u m
4 1 0 0 G A T O X y l e n e
4 1 0 0 S A 7 0 X y l e n e
4 1 1 0 G A l A l u m i n a
s u p p o r t ( R 2 5 , R 3 4 ) ; o l d e r c a t ( R 1 5 )
4 1 1 0 G A l A l u m i n a
s u p p o r t ( R 2 5 , R 3 4 ) ; o l d e r c a t ( R 1 5 )
4 1 1 0 S A l A l u m i n a
s u p p o r t ( R 2 5 , R 3 4 ) ; o l d e r c a t ( R 1 5 )
4 1 1 0 S A l A l u m i n a
s u p p o r t ( R 2 5 , R 3 4 ) ; o l d e r c a t ( R 1 5 )
4 1 1 0 G A 1 2 C h l o r i n e ( C h l o r i d e s
4 1 1 0 S A 1 2 C h l o r i n e t C h l o r i d e s
4 1 1 0 G A 1 3 C h r o m i u m , C r c o m p o u n d s
4 1 1 0 S A 1 3 C h r o m i u m , C r c o m p o u n d s
4 1 1 0 G A 1 5 C o b a l t , C o c o mp o u n d s
2 5 ) ; p o s s i b l e c a t ( R 2 9 , R 3 4 ) ; c a t r e f o r m i n g ( R 8 1 ,
4 1 1 0 S A 1 5 C o b a l t , C o c o mp o u n d s
2 5 ) ; p o s s i b l e c a t ( R 2 9 , R 3 4 ) ; c a t r e f o r m i n g ( R 8 1 ,
4 1 1 0 G A 1 7 C o p p e r , C u c o m p o u n d s
4 1 1 0 S A 1 7 C o p p e r , C u c o m p o u n d s
4 1 1 0 G A 2 6 A l i p h a t i c h y d r o c a r b o n s
4 1 1 0 S A 2 6 A l i p h a t i c h y d r o c a r b o n s
4 1 1 0 G A 2 7 A r o m a t i c h y d r o c a r b o n s
4 1 1 0 S A 2 7 A r o m a t i c h y d r o c a r b o n s
4 1 1 0 G A 2 8 C h l o r i n a t e d h y d r o c a r b o n s
4 1 1 0 S A 2 8 C h l o r i n a t e d h y d r o c a r b o n s
4 1 1 0 G A 2 9 H y d r o c h l o r i c A c i d
4 1 1 0 S A 2 9 H y d r o c h l o r i c A c i d
4 1 1 0 G A 3 0 Hy d r o f l u o r i c A c i d
4 1 1 0 S A 3 0 H y d r o f l u o r i c A c i d
4 1 1 0 G A 3 9 M o l y b d e n u m
l e c a t p r e - H t r e a t m e n t ( R 2 5 ) ; p o s s i b l e c a t { R2 9 ) ;
4 1 1 0 S A 3 9 M o l y b d e n u m
l e c a t p r e - H t r e a t m e n t ( R 2 5 ) ; p o s s i b l e c a t ( R 2 9 ) ;
4 1 1 0 G A 4 2 P a l l a d i u m
4 1 1 0 S A 4 2 P a l l a d i u m
4 1 1 0 G A 4 4 P h o s g e n e
4 1 1 0 S A 4 4 Ph o s g e n e
4 1 1 0 G A 4 7 P l a t i n u m
/ 3 h a d P t 5 3 - 6 0 ( R 4 9 ) , a l l b u i l t 5 5 - 5 9 ( R 2 9 ) ; c a t
4 1 1 0 S A 4 7 P l a t i n u m
/ 3 h a d P t 5 3 - 6 0 ( R 4 9 ) , a l l b u i l t 5 5 - 5 9 ( R 2 9 ) ; c a t
4 1 1 0 G A 5 Am m o n i a
4 1 1 0 S A 5 A mm o n i a
4 1 1 0 G A 5 0 R h e n i u m
f o r m i n g ( R 3 4 ) ; n e w e r c a t ( R 1 5 )
4 1 1 0 S A 5 0 R h e n i u m
f o r m i n g ( R 3 4 ) ; n e w e r c a t ( R 1 5 |
4 1 1 0
4 1 1 0
4 1 1 0
4 1 1 0
4 1 1 0
4 1 1 0
G A 5 1 S i l i c a
S A 5 1 S i l i c a
G A 6 5 Be n z e n e
S A 6 5 Be n z e n e
G A 6 6 T o l u e n e
S A 6 6 T o l u e n e
0 1 0 1 4 1
0 1 0 1 5 4
0 1 0 1 4 1
0 1 0 1 5 4
0 1 0 1 6 7
0 1 0 1 6 7
0 1 0 1 6 7
0 1 0 1 6 7
0 1 0 1 4 1
0 1 0 1 5 4
0 1 0 1 4 1
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 9 3
1 2 3 1 8 4
A C
A C
A C
A C
PO
PO
PO
PO
PO
PO
PO
B e n z - C a t r e f o r m i n g ( R 1 5 , R 8 1 ,
B e n z - C a t r e f o r m i n g ( R 1 5 , R 6 1 ,
R 8 1 )
R 8 1 )
a r o m a t l c s i n p r o d u c t ( R 4 9 , R 2 5 ) ;
a r o m a t i c s i n p r o d u c t ( R 4 9 , R 2 5 ) ;
a r o m a t l c s i n p r o d u c t ( R 4 9 , R 2 5 ) ; T o l - C a t r e f o r m i n g ( R 1 5 ,
a r o m a t i c s i n p r o d u c t ( R 4 9 , R 2 5 ) ; T o l - C a t r e f o r m i n g ( R 1 5 ,
p o s s i b l e 2 n d c a t i n b i m e t a l , c a t ' s ( I n t r o 6 7 ) ( R 3 9 )
p o s s i b l e 2 n d c a t i n b i m e t a l , c a t ' s ( I n t r o 6 7 ) ( R 3 9 )
p o s s i b l e 2 n d c a t i n b i m e t a l , c a t
'
s ( I n t r o 6 7 ) { R 3 9 )
p o s s i b l e 2 n d c a t i n b i m e t a l , c a t ' s ( I n t r o 6 7 ) ( R 3 9 )
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H y d r o c h l o r i c A c i d 0 1 0 1 3 0 1 2 3 1 9 3 P O
Ph e n o l 0 1 0 1 3 0 1 2 3 1 9 3 P O
Ph e n o l 0 1 0 1 3 0 1 2 3 1 9 3 P O
Ph o s p h o r i c a c i d / p h o s p h o r u s c o m p o u n d 0 1 0 1 3 0 1 2 3 1 9 3 P O
P h o s p h o r i c a c i d / p h o s p h o r u s c o m p o u n d 0 1 0 1 3 0 1 2 3 1 9 3 P O
S i l i c a 0 1 0 1 3 0 1 2 3 1 9 3 P O
S i l i c a 0 1 0 1 3 0 1 2 3 1 9 3 PO
S u l f u r i c A c i d 0 1 0 1 3 0 1 2 3 1 9 3 P O
S u l f u r i c A c i d 0 1 0 1 3 0 1 2 3 1 9 3 P O
B e n z e n e 0 1 0 1 3 0 1 2 3 1 9 3 A C
B e n z e n e 0 1 0 1 3 0 1 2 3 1 9 3 A C
A r o m a t i c h y d r o c a r b o n s 0 1 0 1 3 0 1 2 3 1 9 3 A C
A r o m a t i c h y d r o c a r b o n s 0 1 0 1 3 0 1 2 3 1 9 3 A C
Ph o s p h o r i c a c i d / p h o s p h o r u s c o m p o u n d 0 1 0 1 3 0 1 2 3 1 9 3 A C
Ph o s p h o r i c a c i d / p h o s p h o r u s c o m p o u n d 0 1 0 1 3 0 1 2 3 1 9 3 A C
B e n z e n e 0 1 0 1 3 0 1 2 3 1 9 3 A C
C h l o r i n e S, C h l o r i d e s 0 1 0 1 3 0 1 2 3 1 9 3 P R
C h l o r i n e t C h l o r i d e s 0 1 0 1 3 0 1 2 3 1 9 3 P R
A l u m i n u m C h l o r i d e 0 1 0 1 3 0 1 2 3 1 9 3 A C
A l u m i n u m C h l o r i d e 0 1 0 1 3 0 1 2 3 1 9 3 A C
A r o m a t i c h y d r o c a r b o n s 0 1 0 1 3 0 1 2 3 1 9 3 A C
A r o m a t i c h y d r o c a r b o n s 0 1 0 1 3 0 1 2 3 1 9 3 A C
H y d r o c h l o r i c A c i d 0 1 0 1 3 0 1 2 3 1 9 3 PR
H y d r o c h l o r i c A c i d 0 1 0 1 3 0 1 2 3 1 9 3 P R
Be n z e n e 0 1 0 1 3 0 1 2 3 1 9 3 A C
B e n z e n e 0 1 0 1 3 0 1 2 3 1 9 3 A C
A r o m a t i c h y d r o c a r b o n s 0 1 0 1 3 0 1 2 3 1 9 3 A C
A r o m a t i c h y d r o c a r b o n s 0 1 0 1 3 0 1 2 3 1 9 3 A C
P h e n o l 0 1 0 1 3 0 1 2 3 1 9 3 A C
P h e n o l 0 1 0 1 3 0 1 2 3 1 9 3 A C
B e n z e n e 0 1 0 1 3 0 1 2 3 1 9 3 A C
B e n z e n e 0 1 0 1 3 0 1 2 3 1 9 3 A C
A l u m i n a 0 1 0 1 1 0 1 2 3 1 9 3 PO
A l u m i n a 0 1 0 1 1 0 1 2 3 1 9 3 PO
C a r b o n M o n o x i d e 0 1 0 1 1 0 1 2 3 1 9 3 PO
C a r b o n M o n o x i d e 0 1 0 1 1 0 1 2 3 1 9 3 P O
C o b a l t , C o c o m p o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 PO
C o b a l t , C o c o m p o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 P O
A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 1 0 1 2 3 1 9 3 P R
A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 1 0 1 2 3 1 9 3 P R
H 2 S , S u l f u r c o m p o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 P O
H2 S , S u l f u r c o n f o u n d s 0 1 0 1 1 0 1 2 3 1 9 3 P O
Ke t o n e s 0 1 0 1 1 0 1 2 3 1 9 3 PO
K e t o n e s 0 1 0 1 1 0 1 2 3 1 9 3 PO
Mo l y b d e n u m 0 1 0 1 1 0 1 2 3 1 9 3 PO
Mo l y b d e n u m 0 1 0 1 1 0 1 2 3 1 9 3 PO
A m m o n i a 0 1 0 1 1 0 1 2 3 1 9 3 PO
A m m o n i a 0 1 0 1 1 0 1 2 3 1 9 3 PO
A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 2 4 1 2 3 1 9 3 P R
A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 2 4 1 2 3 1 9 3 P R
A l i p h a t i c a m i n e s , a l k a n o a m i n e s 0 1 0 1 2 4 1 2 3 1 9 3 P O
A l i p h a t i c a m i n e s , a l k a n o a m i n e s 0 1 0 1 2 4 1 2 3 1 9 3 A C
H 2 S , S u l f u r c o m p o u n d s 0 1 0 1 2 4 1 2 3 1 9 3 P O
H 2 S , Su l f u r c o m p o u n d s 0 1 0 1 2 4 1 2 3 1 9 3 A C
C a u s t i c s 0 1 0 1 2 4 1 2 3 1 9 3 PO
C a u s t i c s 0 1 0 1 2 4 1 2 3 1 9 3 A C
A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 1 0 1 2 3 1 5 0 P O
A l l p h » t i c h y d r o c a r b o n s 0 1 0 1 1 0 1 2 3 1 5 0 P O
A l i p h a t i c h y d r o c a r b o n s 0 1 0 1 3 0 1 2 3 1 5 0 P O
b e n z e n e , c u m e n e
b e n z e n e , c u m e n e
c u m e n e p r o d u c t i o n ( R 1 5 )
c u m e n e p r o d u c t i o n ( R 1 5 )
c u m e n e p r o d u c t i o n ( R 1 5 )
c u m e n e p r o d u c t i o n ( R 1 5 )
p h o s p h o r i c a c i d a l m o s t e x c l u s i v e c a t b y 8 6
p h o s p h o r i c a c i d a l m o s t e x c l u s i v e c a t b y 8 6
s i l l c o a l u m i n a t e c a t a l y s t s ( R 5 7 )
s i l i c o a l u m i n a t e c a t a l y s t s ( R 5 7 )
o l d e r p r o c e s s f o r c u m e n e p r o d u c t i o n ( R 1 5 )
o l d e r p r o c e s s f o r c u m e n e p r o d u c t i o n ( R I S )
f e e d ( R 5 7 , R 4 9 ) ; c u m e n e p r o d u c t i o n ( R 1 5 )
f e e d ( R S7 , R 4 9 ) ; c u m e n e p r o d u c t i o n ( R 1 5 )
b e n z e n e , c u m e n e
b e n z e n e , c u m e n e
p h o s p h o r i c a c i d a l m o s t e x c l u s i v e c a t b y 8 6
p h o s p h o r i c a c i d a l m o s t e x c l u s i v e c a t b y 8 6
c u m e n e p r o d u c t i o n ( R 1 5 )
( R5 7 ) ; c u m e n e p r o d u c t i o n ( R 1 5 )
( R 5 7 ) ; c u m e n e p r o d u c t i o n ( R 1 5 )
( R 5 7 1 ; c u m e n e p r o d u c t i o n ( R 1 5 )
( R 5 7 ) ; c u m e n e p r o d u c t i o n ( R 1 5 )
( R 1 5 )
( R 1 5 )
( R 1 5 )
( R 1 5 )
f e e d ( R 5 7 , R 4 9 |
c h l o r i n e p r o c e s s ( 4 2 2 0 )
c h l o r i n e p r o c e s s ( 4 2 2 0 )
A 1 C 1 3 c a t a l y s t ( R S7 ) ; c u m e n e p r o d u c t i o n ( R 1 5 )
A 1 C 1 3 c a t a l y s t ( R S 7 ) ; c u m e n e p r o d u c t i o n ( R 1 5 )
b e n z e n e , c u m e n e
b e n z e n e , c u m e n e
c u m e n e p r o d u c t i o n ( R 1 5 )
c u m e n e p r o d u c t i o n ( R 1 5 )
f e e d ( R 5 7 , R 4 9 ) ; c u m e n e p r o d u c t i o n
f e e d ( R 5 7 , R 4 9 ) ; c u m e n e p r o d u c t i o n
b e n z e n e , c u m e n e
b e n z e n e , c u m e n e
c u m e n e p r o d u c t i o n ( R 1 5 )
c u m e n e p r o d u c t i o n { R 1 5 )
f e e d ( R 5 7 , R 4 9 ) ; c u m e n e p r o d u c t i o n
f e e d ( R 5 7 , R 4 9 ) ; c u m e n e p r o d u c t i o n
c o n v e r s i o n o f p r o p y l e n e t o e t h y l e n e ( R 1 5 )
c o n v e r s i o n o f p r o p y l e n e t o e t h y l e n e ( R 1 5 )
e t h y l e n e p r o d u c t i o n ( R I S )
e t h y l e n e p r o d u c t i o n ( R I S )
C o o x i d e f o r c o n v e r s i o n o f p r o p y l e n e t o e t h y l e n e ( R 1 5 )
C o o x i d e f o r c o n v e r s i o n o f p r o p y l e n e t o e t h y l e n e ( R 1 5 )
e t h y l e n e
e t h y l e n e
e t h y l e n e p r o d u c t i o n ( R 1 5 )
e t h y l e n e p r o d u c t i o n ( R I S )
a c e t o n e i n e t h y l e n e p r o d u c t i o n ( R I S )
a c e t o n e i n e t h y l e n e p r o d u c t i o n ( R 1 5 )
M o o x i d e f o r c o n v e r s i o n o f p r o p y l e n e t o e t h y l e n e ( R 1 5 )
M o o x i d e f o r c o n v e r s i o n o f p r o p y l e n e t o e t h y l e n e ( R I S )
e t h y l e n e p r o d u c t i o n ( R I S )
e t h y l e n e p r o d u c t i o n ( R I S )
C 3 - C 6 c o m p o n e n t s ( R 2 5 )
C 3 - C 6 c o m p o n e n t s ( R 2 5 )
d i e t h a n o l a m i n e t o r e m o v e H 2 S ( R 2 S )
d i e t h a n o l a m i n e t o r e m o v e H 2 S ( R 2 5 )
H 2 S r e m o v e d ( R 2 5 )
H 2 S r e m o v e d ( R 2 5 )
t o r e m o v e H 2 S ( R 6 8 )
t o r e m o v e H 2 S ( R 6 8 )
w a x , o i l
w a x , o i l
w a x , o i l
6 0 0 0 G
6 0 0 0 S
6 0 0 0 G
i g ( R 4 9 )
6 0 0 0 G
i g ( R 4 9 )
6 0 0 0 S
i g ( R 4 9 )
6 0 0 0 G
6 0 0 0 S
6 0 0 0 G
6 0 0 0 S
A 3 8 M i n e r a l a n d L u b e O i l s
A 3 8 M i n e r a l a n d L u b e O i l s
A 5 A n u n o n l a
A 5 A ira no n i a
A 5 A m m o n i a
A 5 4 S u l f u r d i o x i d e , o t h e r s u l f u r
A 5 4 S u l f u r d i o x i d e , o t h e r s u l f u r
A 7 2 W a x e s
A 7 2 W a x e s
0 1 0 1 1 0 1 2 3 1 9 3 PR
0 1 0 1 3 0 1 2 3 1 9 3 PR
0 1 0 1 2 0 1 2 3 1 9 3 PC
0 1 0 1 2 0 1 2 3 1 9 3 PO
0 1 0 1 3 0 1 2 3 1 5 0 PR
o x i d e s 0 1 0 1 2 0 1 2 3 1 9 3 PO
o x i d e s 0 1 0 1 3 0 1 2 3 1 9 3 PO
0 1 0 1 1 0 1 2 3 1 9 3 A C
0 1 0 1 3 0 1 2 3 1 9 3 A C
p a r a f f i n w a x e s f r o m l i g h t l u b e s t o c k s , m l c r o c r y s t w a x e s f r o m h e a v i e r o i l s ( R 2 9 )
p a r a f f i n w a x e s f r o m l i g h t l u b e s t o c k s , m l c r o c r y s t w a x e s f r o m h e a v i e r o i l s ( R 2 9 )
r e f r i g e r a n t ; u s e d i n m o s t
"
m o d e r n " p l a n t i n 1 9 4 0 ( R 4 8 ) ; p o s s i b l e r e f r i g ( R l l ) ; r e f r
r e f r i g e r a n t ; u s e d i n m o s t
"
m o d e r n " p l a n t i n 1 9 4 0 ( R 4 8 ) ; p o s s i b l e r e f r i g ( R l l ) ; r e f r
r e f r i g e r a n t ; u s e d i n m o s t " m o d e r n
"
p l a n t i n 1 9 4 0 ( R 4 8 ) ; p o s s i b l e r e f r i g ( R l l ) ; r e f r
p o s s i b l e r e f r i g e r a n t ( R l l )
p o s s i b l e r e f r i g e r a n t ( R l l )
w a x
w a x
A p p e n d i x D : P e t r o l e u m R e f i n e r y P r o c e s s D e s c r i p t i o n s (B a s e d o n t h e A P I C l a s s i f i c a t i o n
S c h e m e )
(T h i s t a b l e d e s c ri b e s t h e m a i n u n i t s in t h e r e fi n e r y . T h e r e a de r s h o u l d r e f e r t o T a b l e 3 i n t h e t e x t f o r
c o d e s r e p r e s e n t i n g s p e c if i c s u b s e t s o f t h e s e i m i t s o r v a ri a t i o n s o n t h e s e p r o c e s s e s . I n t h e P r o c e s s
D e s c ri p t i o n , n u mb e r s i n p a r e n t h e s i s r e f e r t o t h e n u m b e r e d r e f e r e n c e s f o r t h i s p a p e r , f o u n d o n p a g e s
3 6 . 4 4 . )
U n it
C o d e
P r o c e s s N a m e P r o c e s s D e s c r i p t i o n
0 100 C r u d e P r o c e s s i n g
(i n c l u d e s d e s a l t i n g
a n d d e h y d r a t in g ,
a t m o s p h e ri c
d i s t i l l a t i o n , a n d
v a c u u m d i s t il l a t i o n )
I n d e s a l t i n g , s a l t s ( a n d s o m e m e t a l s ) a r e r em o v e d fi o m c r u d e b y
w a s h in g t h e c r u d e w i t h w a t e r . T h e w a t e r / o il em u l s i o n i s
s e p a r a t e d i n a s e t t l in g v e s s e l b y a d d in g c h em i c a l s o r u s i n g a h i g h -
p o t e n t i a l e l e c tri c f i e l d . T h e w a s h w a t e r s o m e t im e s c o n t a i n s
p h e n o l s fr o m r e fi n e r y p r o c e s s e s - t h e s e a r e d i s s o l v e d i n t h e c r u d e .
We t t i n g a g e n t s a r e u s e d , i n c l u d in g o x y a l k y l a t e d p h e n o l s a n d
s u l f a t e s (2 5 ) . D i s t il l a t i o n i s u s e d t o fi - a c t i o n a t e t h e c r u d e o i l a n d
r e du c e t h e r e s i d u a l ( r a i s e t h e b o i l in g p o in t ) (1 1) . A tm o s p h e ri c
d i s t il la t i o n m o s t ly u s e s h e a t , b u t v a c u i m i d i s t i l l a t i o n a l s o r e d u c e s
t he p r e s s u r e s o t h a t h i gh e r b o i l i n g fi ra c t i o n s c a n b e s e p a r a t e d
w i t h o u t c r a c k i n g (2 5 ) .
0 2 0 0 C a t a l y t ic C r a c k i n g C a t a ly t i c c r a c k i n g c o n v e r t s h e a v y o i l s in t o m o r e v a lu a b l e
g a s o li n e a n d l i gh t e r p r o d u c t s (2 5 ) . A n u n s u c c e s s f ii l p r o c e s s a t
G u l f w a s a t t em p t e d in 19 15 (u s in g a l u m i n u m c h l o ri de ) , a n d t h e
fi r s t s u c c e s s f u l fi x e d b e d p r o c e s s (
"
H o u dr y
"
) w e n t o n s t r e am i n
19 36 (2 9 , 4 8 ) . T h e f i r s t c o m m e r c i a l F l u i d C a t a l y t i c Cr a c k i n g
p r o c e s s a p p e a r e d in 1 94 2 (29 , 7 4 ) , a n d t h e f i r s t m o v in g b e d
p r o c e s s i n 1 94 3 (2 9 ) . I n 1 95 9 , 2 / 3 o f U . S . c r a c k in g u n i t s w e r e
c a t a l yt i c ( 4 9 ) , a n d b y 19 84 , t hi s p r o c e s s h a d a l m o s t e n t ir e ly
r e p la c e d t he r m a l c r a c k in g (2 5 ) .
0 3 0 0 T h e r m a l c r a c k in g
a n d V i s b r e ak i n g
T h i s p r o c e s s b e g a n a b o u t 1 9 10 (4 8 ) , a n d u s e s h e a t a n d p r e s s u r e
t o c r a c k h y d r o c a r b o n m o l e c u l e s i n t o p r o d u c t s t h a t a r e l i g h t e r t h a n
t h e f e e d. T h e r m a l c r a c k i n g t r e a ts f e e d s he a v i e r t h a n g a s o li n e ,
w h i l e v i sb r e a k i n g o p e r a t e s a t l o w e r t em p e r a t u r e s a n d t r e a t s
r e du c e d c r u de t o m a k e n u mb e r 6 fi i e l o i l . V i s br e a k i n g d o e s n o t
p r o du c e s u bs t a n t i a l a m o u n t s o f c o k e (2 5 , 2 9 , 6 1) . B y 19 59 , o n l y
a b o u t 1/ 3 o f t h e c r a c k in g o p e r a t i o n s i n t h e U S w e r e t h e r m a l
o p e r a t io n s (4 9 ) .
14 1
U n i t
C o d e
P r o c e s s N a m e P r o c e s s D e s c ri p t i o n
0 4 0 0 C o k in g Th e s e hi g h p r e s s u r e , h i g h t em p e r a t u r e p r o c e s s e s c r a c k v a c u u m
r e s i d u a l s
, p r o d u c in g c o k e a n d g a s / g a s o l i n e / g a s o il (2 5 , 2 9 , 4 8 ,
4 9 ) .
" D e l a y e d
"
c o k in g (b e c a u s e c o k e d o e s n
'
t f o r m i n t h e f i im a c e )
i s a b a t c h p r o c e s s w h i c h w a s i n u s e b y t h e e a r ly 3 0
'
s (2 4 , 2 5 ) .
T h e n e w e r ( in tr o d u c e d i n t h e 1 95 0
'
s ) fl u id a n d c o n t a c t p r o c e s s e s
a r e c o n t i n u o u s (4 9 ) . W i th d e l a y e d c o k in g , c o k e m u s t b e r e m o v e d
fr o m dr u m s b y h a n d, m e c h a n i c a l l y , o r hy d r a u l i c a l l y (2 5 , 4 9 ) .
F l u i d c o k in g p r o d u c e s s m a l l e r - s i z e d c o k e p a r t ic l e s ( 1 50 m i c r o n s )
a n d s o m e f in e d u s t ( 4 9 ) . D e l a y e d c o k in g w a s s t i ll t h e m o s t
w i d e ly u s e d c o k i n g p r o c e s s i n 1 9 84 (25 ) .
0 5 00 C a t a l y t ic R e f o r m i n g T h i s p r o c e s s tr a n s f o r m s n a p h t h e n e s a n d p a r a f Gn s in t o a r o m a t i c s
(2 9 , 4 9 ) . T h e f i r s t u n it w a s b u i l t j u s t b e f o r e WW I I , a n d t h e
p r o c e s s c a u g h t o n a b o u t 1 9 5 0 (29 ) . T h i s p r o c e s s i s im p o r t a n t i n
g a s o l in e p r o d u c t i o n (e s p e c i a ll y u n l e a d e d) (2 5 ) , a s i t is u s e d t o
r a i s e t h e o c t a n e l e v e l o f g a s o l i n e s t o c k s (2 9 ) . I n 1 9 49 p l a t in u m
w a s f i r s t u s e d a s a c a t a l y s t , a n d b im e t a l l ic c a t a l y s t s w e r e
i n t r o d u c e d i n t h e l a t e 19 60
'
s (3 9 ) . B e f o r e p l a t i n u m , m o ly b de n u m
o x i d e a n d c h r o m i a w e r e u s e d a s c a t a l y s t s (3 9 ) .
0 6 0 0 St e a m R e f o r m i n g N o i n f o r m a t io n w a s f o u n d o n t h i s p r o c e s s .
0 7 0 0 H F A l k y l a t i o n T h i s p r o c e s s c o m b i n e s / - p a r a f S n s a n d o l e f i n s t o m a k e l a r g e r i -
p a r a EBn s (2 9 ) . I t w a s d e v e l o p e d in t h e l a t e 19 30 ' s a n d e a r ly
1 94 0
'
s , a n d by the 19 6 0
'
s ba d m o s tl y di s p l a c e d p o l y m e r i z a t i o n
u n i t s . O r ig i n a l ly u s e d f o r m a k in g a v i a t i o n g a s o l i n e , it i s n o w
c r i t i c a l f o r m o t o r g a s o l in e ( 4 9 ) , e s p e c i a l ly l o w - l e a d a n d u n l e a d e d
m o t o r f u e l s (6 4 ) . T w o c o m m e r c i a l p r o c e s s e s (U OP , P h i Ui p s ) u s e
HF , w h i le o t h e r s u s e H 2 SO4 (2 5 ) .
0 8 0 0 H
^
SO
^
A lk y Se e 0 70 0 .
0 9 0 0 A l C l j A lk y T h i s p r o c e s s a l k y l a t e s / - b u t a n e w it h e t h y l e n e . I t i s n o t a s
c o m m o n a s H F o r H 2 SO 4 a lk y l a t i o n (2 9 ) .
1 0 0 0 R e t o r t i n g U n i t n o t i n c l u de d in m a t ri x
1 10 0 G a s o li n e
p o ly m e r i z a t i o n
Th i s p r o c e s s s e r v e s a s a n a dj u n c t t o c r a c k i n g i m i t s t o i m p r o v e t he
o c t a n e n u mbe r o f g a s o l i n e c o m p o n e n t s . I t u s e s s u l f i i ri c a c i d (h o t
o r c o l d ) o r p h o s p h o ri c a c i d (o n s o Ud b a s e o r a s a l i q u i d) (4 8 , 4 9 ) .
T h e r m a l p o l y m e r iz a t i o n w a s i n t r o du c e d in 1 93 4 (29 ) , a n d in
194 1 w a s s t i l l f a v o r e d fo r l a r g e r o p e r a t i o n s (4 8 ) . C a t a l y t i c
p o ly m e ri z a t io n be g a n in 19 35 (7 3 ) , a n d w a s w i de ly u s e d in t he
1 93 0
'
s a n d 194 0
'
s b u t w a s s u p p l a n t e d b y a l k y l a t i o n a f t e r WW I I .
P o l y m e r iz a t i o n w a s o n i t s w a y b a c k in t h e m i d - 19 80
'
s b e c a u s e o f
u n l e a de d g a s o l in e d em a n d s (25 ).
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120 0 N o n - A r o m a t i c
i s o m e ri z a t i o n
T h i s p r o c e s s c o n v e r t s n o r m a l p a r a £Gn s (b u t a n e , p e n t a n e , h e x a n e )
in t o t h e ir i s o m e r s (2 5 ) . T h e fi r s t u n i t w e n t o n - s t r e am i n 1 94 1
(5 8 ) . T h e p r o c e s s w a s o r ig in a ll y u s e d f o r a v i a t i o n g a s o li n e
d u r in g WW I I , t h e n l o s t i t s a p p e a l u n t i l a b o u t 1 9 55 , w h e n it w a s
u s e d t o im p r o v e o c t a n e r a t in g s (2 9 ) . T h e w a r t i m e c a t a l y s t w a s
a l u m in u m c hl o r ide
,
b u t l a t e r c a t a l y s t s in c l u de d n o b l e m e t a l s o n
a n i n e r t b a s e o r m o l e c u l a r s i e v e ( 1 8 , 2 9 , 8 3 ) .
1 3 0 0 A r o m a t i c
i s o m e r i z a t io n
T h i s p r o c e s s c o n v e r t s o - a n d m - x y l e n e a n d e t h y l b e n z e n e t o p -
x y l e n e u s i n g a z e o li t e n o n - n o b l e m e ta l c a t a ly s t , s i l i c a - a l u m i n a
w i t h p l a t in u m , o r m o l e c u l a r s i e v e s i l i c a - a l um i n a c a t a l y s t s in a
fi x e d be d (2 5 , 4 3 ) . (N o i n f o r m a t i o n i n e a r l i e r l i t e r a t u r e
d i s t i n g u i s h e d a r o m a t i c fr o m n o n - a r o m a t i c i s o m e r iz a t io n , b u t
s e e m e d t o f o c u s m o s t ly o n n o n - a r o m a t i c . T h u s , s o m e c a t a l y s t s
m e n t i o n e d in e a r l i e r r e f e r e n c e s a r e c o de d o n l y \ m de r 1 20 0 a n d
m a y n e e d t o b e a dd e d i n 13 00 . )
14 0 0 K e t o n e D e w a x in g K e t o n e s a r e u s e d t o r em o v e t h e w a x fr a c t i o n fr o m lu b r i c a t in g o i l s
t o im p r o v e fl o w (2 5 ) . T h e fi r s t a p p Uc a t i o n w a s in 19 27 , u s in g
a c e t o n e a n d b e n z e n e (2 9 ) . B y 1935 , t h e p r o c e s s w a s w i d e l y
r e c o g n i z e d (34 ) , b u t i n 19 4 0 m o s t r e fi n e r s s t il l u s e d t h e o l d e r
p r e s s i n g a n d s w e a t i n g m e th o d (4 8 ) . (Se e 6 0 00 . ) I n 19 59 , a
m i x t u r e o f b e n z e n e o r t o lu e n e w i t h a c e t o n e o r k e t o n e w a s u s e d
(4 9 ) . B y 1980 a b o u t 8 0% o f d ew a x i n g o p e r a t i o n s u s e d k e t o n e s ,
w i t h t h e m o s t po p u l a r m i x t u r e s be in g M EK - t o l u e n e a n d M E K -
M IB K . (M E K - b e n z e n e h a d b e e n l a r g e l y d i s c o n t i n u e d b e c a u s e o f
h e a l t h c o n c e r n s a n d c o s t s ) (2 5 ) .
15 00 L u b e /B a s e O i l
E x t r a c t i o n U n i t
T hi s p r o c e s s r e m o v e s p o ly c y c li c s a n d a r o m a t i c s fr o m l u b e o i l s
(2 9 ) . SO2 w a s t h e o n l y s o l v e n t u s e d c o m m e r c i a l ly b e f o r e 19 30
(29 ) . (Se e 1 60 0 . ) P h e n o l w a s t h e n e x t s o lv e n t u s e d , t h e n D u o -
So l (p r o p a n e a n d p he n o l - c r e s y l i c a c i d) a n d fi i r fi i r a l b e c am e
w i d e s p r e a d . F u r fu r a l w a s t h e m o s t w i de ly u s e d b y t h e 19 5 0
'
s
(2 9 , 4 9 ) . B y t h e 1 980
'
s , w - m e t h y l - 2 - p y r o ll i d o n e w a s r e p l a c in g
ph e n o l b e c a u s e o f he a lt h a n d s a f e ty c o n c e r n s (2 5 ) . O t h e r
s o l v e n t s w e r e a l s o u s e d
,
bu t w e r e n o t a s w i de s p r e a d.
1 5 7 1 P r o p a n e D ew a x i n g P r o p a n e i s u s e d t o r em o v e t h e w a x fr a c t i o n fr o m l u b r i c a t i n g o i l s
t o i m p r o v e fl o w (2 5 ) . B y 198 0 a b o u t 2 0% o f d e w a x i n g
o p e r a t i o n s u s e d p r o p a n e ( o t h e r s u s e d k e t o n e s - s e e 14 0 0 ) (25 ) .
P r o p a n e dew a x i n g h a n d l e s a l a r g e r r a n g e o f f e e d (g a s o il t o
a s p h a l t ) t h a n k e t o n e dew a x i n g (4 9 ) .
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1 572 P r o p a n e
d e a s p h a l t in g
P r o p a n e c a n b e u s e d t o s e p a r a t e h e a v y o il s fr o m a s ph a lt ic
m a t e ri a l s (2 9 ) . T h e f e e d i s t h e b o t t o m s fr o m a t m o s p h e ri c a n d
v a c u u m s t i l l s (2 5 ) . T h e fi r s t c o m m e r c i a l o p e r a t i o n w a s i n 19 33
(4 8) .
1 6 0 0 E d e l e a n u E x t r a c t io n T h i s p r o c e s s , w h i c h b e g a n i n 1 9 07 , u s e s l i q u i d SO2 a s a s o l v e n t
t o e x t r a c t a r o m a t ic s fr o m h e a v y n a p h t h a , k e r o s e n e a n d g a s o i l
( 4 8) .
1 7 0 0 A r o m a t i c s R e c o v e r y
(F o r c o m b in e d
i s o m e r i z a t i o n a n d
r e c o v e r y c o d e 1 30 0
a n d 170 0 . )
A r o m a t ic s c a n b e s e p a r a t e d fr o m a r o m a t i c m ix t u r e s o r fr o m o th e r
h y dr o c a r b o n s w i th s im i l a r bo il i n g r a n g e s by di s t i ll a t io n ,
e x t r a c t i o n
,
c r y s t a l l iz a t i o n , a n d/ o r s e l e c t i v e a d s o r p t io n .
D i s t i l l a t io n m a k e s u s e o f d if f e r i n g b o i l i n g p o in t s a m o n g t h e
v a ri o u s a r o m a t i c s . E x t r a c t i o n d e p e n ds o n c h e m i c a l s o lu b i l i t i e s i n
v a ri o u s s o l v e n t s . A d s o r p t i o n m a k e s u s e o f t h e p h y s i c a l p r o p e r t i e s
o f a s o l i d m a t e ri a l (s i l i c a g e l s , s i l i c a - a l u m i n a , a c t i v a t e d a l u m in a ,
a c t i v a t e d c h a r c o a l
,
o r m o l e c u l a r s i e v e s ) t o a ds o r b a r o m a t ic s fr o m
o t h e r h y d r o c a r b o n s (2 9 ) . C r y s t a l l i z a t i o n d e p e n d s o n t h e d i f fe r e n t
fr e e z in g p o in t s o f t he a r o m a t ic s - i t i s u s e d t o s e p a r a t e t he
x y l e n e s fr o m o n e a n o th e r a n d t o r e fi n e b e n z e n e (1 5 , 2 5 , 2 9 ) . (N o
da t e s f o r in t r o du c t i o n o f t h e s e p r o c e s s e s w e r e f o u n d . )
1 800 C l a y T r e a t i n g T h i s p r o c e s s i s u s e d t o d e c o l o r iz e a n d s t a bi l i z e c r a c k e d g a s o l i n e s ,
r e m o v e s u l fi i r fr o m v ir g in g a s o l i n e s a n d k e r o s e n e s , de c o l o r iz e
he a v y - o i l p r o d u c t ,
"
n e u t r a l iz e
"
a c id - t r e a t e d he a v y o i l s t h a t c a n n o t
b e c a u s t ic a l ly w a s h e d , a n d r em o v e a r s e n i c fr o m c h a r g e s t o c k s t o
c a t a ly t i c r e f o r m in g (2 9 ) . I t i s a l s o u s e d t o im p r o v e t h e c o l o r a n d
s t a b iU t y o f l u b ri c a t in g o i l s , in c r e a s e t h e i r em u l s i fi c a t i o n
r e s i s t a n c e
,
a n d n e u t r a l i z e t h e i r a c i d i t y (4 9 ) . F e e d i s p e r c o l a te d
th r o u gh t h e c l a y o r m i x e d w i t h fi n e p a r t i c l e s o f c l a y (1 1, 2 9 ) .
C l a y s in c l u d e fi i l le r
'
s e a r t h
,
b a u x i t e
,
A t t a p u l g u s , F o ri d in , T e x a s ,
a n d p r o p ri e t a r y c l a y s (1 1, 2 9 , 4 8 ) . T h e f ir s t c l a y - t r e a t in g p r o c e s s
w a s u s e d i n 19 24 f o r g a s o l in e s b u t i t b e c am e o b s o l e t e i n t h e
19 30
'
s w h e n a d d it iv e s w e r e de v e l o p e d t o i n h i b i t g u m f o rm a t io n
(2 9 ) .
19 00 B a u x i t e T r e a t in g
(Wa x )
Sim i l a r t o 1 80 0
,
e x c e p t th a t t h i s p r o c e s s i s u s e d f o r a d s o r b i n g
im p u ri t ie s fr o m w a x a ft e r i t h a s b e e n s e p a r a t e d fr o m o i l . (C l a y s ,
e s p e c i a l l y F u l l e r
'
s e a r t h
,
a r e a l s o u s e d f o r fi l t e r i n g im p i i ri t i e s o u t
o f w a x ( l l , 4 8 ) . )
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2 00 0 Su l fu r ic A c i d
T r e a t in g
Su l f u r i c a c i d t r e a t m e n t im p r o v e s c o l o r , r em o v e s s u l f u r , r e d u c e s
g i m i c o n t e n t , a n d im p r o v e s o d o r a n d s t a b i l i ty o f l i g h t d i s t i l l a t e s
(4 8 , 2 9 ) . I t a l s o i m p r o v e s t h e c o l o r o f l u b e o il s a n d s o m e t i m e s
w a x (4 8 ) . L u b e O il s c a n b e t r e a t e d w i t h s u lf u ri c a c i d t o i m p r o v e
s t a b i l i t y a n d r em o v e s u l f u r . T h e y a r e a g i t a t e d w i t h a c i d a n d
s e t t l e d
,
t h e s l u d g e i s w i t h d r a w n , t h e n t h e y a r e w a s h e d Av i th w a t e r ,
s e t t l e d a g a in , t h e n n e u t r a l i z e d w i t h c a u s t i c s o d a o r f i n e c l ^ ( 11 ,
2 9
,
4 9 ) . S u l f u ri c a c i d w a s u s e d a s e a r l y a s 1 85 5 (2 9 ) , a n d w a s t h e
m o s t w i d e ly u s e d c h em i c a l f o r t r e a t i n g p e t r o l e u m fr a c t i o n s i n
19 4 1 (4 8 ) a n d t h e m o s t - u s e d r e f i n in g a g e n t in 1 95 9 (2 9 ) . T h i s
p r o c e s s c o d e in c l u d e s r e c o v e i y o f th e a c i d fr o m sl u dg e , a s t hi s
im p o s e s s im i l a r e x p o s u r e s o n w o r k e r s .
2 10 0 T r e a t i n g
(Sw e e t e n i n g ) L i g h t
O i l s U n it
S w e e t e n i n g r em o v e s t h e e f f e c t s o f m e r c a p t a n s , w h i c h s m e l l b a d ,
a n d e l em e n t a l s u l f u r , w h i c h i s c o r r o s i v e i n t h e p r e s e n c e o f
m e r c a p t a n s (4 8 ) . I t i s o f t e n a p p l i e d t o t h e e n t i r e g a s o l in e b l e n d
r a t h e r t h a n t o i n d iv i du a l c o m p o n e n t s (4 9 ) . D o c t o r s w e e te n i n g
em p l o y s s o d i um p l u m b i t e a n d a s m a l l a m o u n t o f s u l f u r i n a
c a u s t ic s o l u t i o n (1 1, 2 9 , 4 9 ) . D o c t o r s w e e t e n i n g w a s de v e l o p e d
fi r s t b u t
,
a s o f 1 9 5 9 , w a s b e i n g s u p e r s e d e d b y o t h e r p r o c e s s e s f o r
g a s o l in e t r e a t i n g (2 9 ) . C o pp e r s w e e t e n in g u s e s c u p ri c c h l o ri de i n
l i q u i d o r s l u r r y f o r m o r im p r e g n a t e d o n f i xll e r
'
s e a r t h .
H y d r o c h l o ri c a c i d i s f o r m e d in t h is p r o c e s s (2 9 , 4 8) . T h e do c t o r
t r e a t m e n t
,
a lo n g w i t h c o p p e r s w e e te n i n g a n d h y p o c h l o ri t e
s w e e t e n in g , c o n v e r t s m e r c a p t a n s t o d is u l fi de s . T h e c a u s t i c a n d
i n h i b i t o r o r a ir - in h i b it o r p r o c e s s em p l o y s a p h e n y le n e d i a m i n e
i n h i b i t o r a d d e d t o p r e w a s h e d g a s o li n e , t h e n m i x e d w i t h a i r a n d
c a u s t i c a n d p o s s ib ly a s m a l l am o u n t o f d o c t o r s o l u t io n (29 ). T he
So l u t i z e r p r o c e s s in c o r p o r a t e s c a u s t i c s o l u t i o n s w i t h m e r c a p t a n
s o l u t i o n p r o m o t e r s (m e th a n o l , c r e s o ls , n a p h t h e n i c a c i d , p r o p i o n i c
a n d b u t y ri c a c i ds , a lk y l ph e n o l s , h y d r o x id e , i s o b u ty r a t e , a n d
c a r b o n a t e s a l t s o f s o d iu m o r p o t a s s i u m ) . T h e c a u s t i c s o l u t io n s
c a n b e u s e d t o a c t u a ll y r em o v e m e r c a p t a n s (2 9 , 4 8 , 4 9 ) .
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2 20 0 H y d r o g e n T r e a t i n g
( in c lu d e s
d e s u l f l i ri z a t i o n
a n d/ o r
de n i t r i f l c a t i o n ,
s a t u r a t i o n
,
a n d
h y d r o c r a c k i n g )
H y d r o g e n tr e a t i n g (h e r e c o d e d a s d e s u l f l i r iz a t io n a n d / o r o l e fi n
s a t u r a t i o n ) s t a b il i z e s p e t r o l e u m p r o du c t s s u c h a s di o l e fi n s a n d
e l im i n a t e s f o r e i g n e l em e n t s (S , N , O , h a li d e s , a n d t r a c e m e t a l s ) . I t
i s o ft e n u s e d b e f o r e c a t a l y t ic c r a c k i n g (2 5 , 2 9 ) . Sa t u r a t io n (o f
a r o m a t i c s ) u p g r a d e s d i s t il l a t e f u e l s o r l u b e o i l s , o r im p r o v e s
c a t a l y t i c c r a c k i n g f e e d . O l e fi n s c a n a l s o b e s a t u r a t e d (2 9 ) .
H y dr o fi n i s h in g o f d e w a x e d l u be s t o c k s r em o v e s c h em i c a ll y
a c t iv e c o m p o u n d s ( s u c h a s o r g a n i c n i t r o g e n c o m p o u n d s ) w h i c h
a f f e c t c o lo r a n d s t a b il i t y (2 5 ) . H y d r o c r a c k i n g i s c r a c k in g u n d e r
s u b s t a n ti a l h y dr o g e n p r e s s u r e t o s u p p r e s s f o r m a t i o n o f t a r an d
c o k e a n d c o n v e r t p o l y c y c l i c a r o m a t i c s t o m a t e ri a l s w h i c h c r a c k
m o r e e a s i ly ; t h e g o a l i s t o r e d u c e t h e b o il i n g r a n g e o f t he f e e d.
H y d r o c r a c k e r f e e d s a r e a r o m a t i c c y c l e o il s , c o k e r d is t i l l a t e s ,
r e s i du a l f ii e l o il s a n d r e d u c e d c r u de . H y dr o c r a c k in g c a n be u s e d
t o m a k e g a s o l i n e (2 5 , 2 9 ) . A f e w h y dr o g e n t r e a t in g p l a n t s w e r e
b u i l t in t h e U S i n t h e 19 30 ' s
,
a n d t h e p r o c e s s w a s u s e d d u ri n g
WWn , b u t w a s n o t u s e d e x t e n s i v e ly a g a i n u n ti l a ft e r c a t a l y t i c
r e f o r m i n g w a s de v e l o p e d t o s u p p ly l a r g e q u a n t i t i e s o f hy d r o g e n .
B y 195 7 th e i n s t a l l e d c a p a c i ty f o r h y d r o g e n a t i o n e q u a l e d e i g h t
p e r c e n t o f t h e t o t a l r e fi n in g c a p a c i ty in t h e U S (2 9 ) .
2 3 0 0 Wa s t e T r e a t m e n t T h i s u n i t d e a ls w i th a ll a q u e o u s (s a n i t a r y , s t o r m , a n d p r o c e s s ),
s o l id
,
a n d g a s e o u s w a s t e s a t t h e r e fi n e r y b e f o r e t h e y a r e r e l e a s e d
t o p u b l i c w a t e r w a y s , l a n d fi l l o r i n c in e r a t i o n , o r t h e a i r . H er e , o i l -
fr e e w a t e r i s c o n s i d e r e d " s a n i t a r y
"
,
a s s u g g e s t e d i n A P I
'
s
I n d u s t r i a l H y g i e n e M o n i t o ri n g Ma n u a l (1 5 ) .
2 4 0 0 M a i n t e n a n c e T h i s u n i t in c l u d e s m a i n t e n a n c e w o r k e r s w h o h a v e s p e c ifi c j o b
t a s k s a s s p e c ifi e d in T a bl e 3 in t h e bo dy o f t h e p a p e r .
2 5 10 M u l t i - P r o c e s s t o
P l a n t W ide :
M a i n t e n a n c e
T hi s u n i t in c l u d e s m a i n t e n a n c e w o r k e r s w h o s e r v e t h e e n t ir e
p l a n t do i n g a v a ri e ty o f m a i n t e n a n c e t a s k s du ri n g r o u t in e
o p e r a t io n a n d t u r n a r o u n d . O t h e r p r o c e s s e s i n t h e 2 5 0 0 c a t e g o r y
w e r e n o t in c l u d e d i n t he m a t r i x b e c a u s e th e y w il l n o t b e in t he
s t u dy p o p u l a t i o n f o r t h e s i s t e r c a s e - c o n t r o l s t u dy .
2 6 0 0 L a b o r a t o r y Qu a l it y c o n t r o l f o r p e t r o l e u m r e fi n e r y s t r e am s a n d r e s e a r c h o n
n e w m e th o d s f o r p r o c e s s i n g p e t r o l e u m a r e c o n d u c t e d in t h e
l a b o r a t o r y .
2 7 0 0 O f Qc e - N o n - fi e l d n o t i n c l u d e d in m a t r ix
2 8 0 0 U t il i t y T h e u t i l i t y u n i t in c l u d e s w a t e r t r e a t m e n t , b o i l e r h o u s e s f o r
p r o d u c t i o n o f e l e c t ri c it y a n d s t e am , a n d p u m p h o u s e s / c o o l in g
t o w e r s .
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U n i t
C o d e
P r o c e s s N a m e P r o c e s s D e s c r i p t i o n
2 90 0 R e c e i p t , St o r a g e a n d
M o v e m e n t
T h i s u n i t i n c l u de s s t o r a g e , p i u n p i n g , b le n d in g a n d t r a n s p o r t
f a c i l i t i e s w i t h i n a n d t o a n d fr o m t h e r e f i n e r y . S in c e b l e n d i n g
t a k e s p l a c e in t h i s u n i t a n d f i n i s h e d p r o d u c t s a r e h a n d l e d , m a n y
a d d i t i v e s n o t s e e n in p r e v i o u s i m i t s r e p r e s e n t p o s s i b l e e x p o s u r e s .
3 0 0 0 N a t u r a l G a s L i q u i d s
(N G L ) R e c o v e ry
n o t i n c l u d e d in m a t r i x
3 10 0 N G L F r a c t i o n a t io n n o t i n c l u d e d in m a t r i x
3 2 0 0 H e l i u m R e c o v e r y n o t i n c l u de d in m a t r i x
3 3 0 0 Su l f ii r i c A c i d
M a n u f a c t u r i n g
I n t h e c o n t a c t p r o c e s s , s u l f i i r i c a c i d i s b u r n e d t o SOj , t h e n t h a t i s
o x i d iz e d t o SO j o v e r a v a n a d ii u n c a t a ly s t T h e SOj is t h e n
a b s o r b e d i n s u l f u r i c a c i d (2 9 ).
3 4 0 0 Su l fu r R e c o v e r y Su l fu r i s m a n u f a c t u r e d fr o m H j S r e c o v e r e d fr o m r e f i n e r y g a s e s
(2 9 ) . I n t h e C l a u s s p li t - s t r e am p r o c e s s , o n e - t h ir d o f t h e H j S i s
b u r n e d t o SO j , w hi c h is r e a c t e d w i th t h e r em a i n de r o f t h e H j S
o v e r a b a u x i t e o r s p e c i a l a l u m i n a c a t a l y s t t o p r o d u c e s u l f u r a n d
w a t e r . T h e p a r t i a l c o m b u s t i o n C l a u s p r o c e s s i s s i m i l a r , b u t t h e
s t r e am i s n o t s p l i t (2 5 , 2 9 ) . T h e C l a u s p r o c e s s i s u s e d in m o s t
s o u r c r u d e r e f i n e r i e s ( 2 5 ) . D i r e c t o x i d a t io n i s a v a r i a t i o n o f t h e
C l a u s p r o c e s s f o r s t r e am s w it h lo w e r am o i m t s o f H j S (2 5 ) .
N ew e r p r o c e s s e s , de v e l o p e d a f te r EPA r e du c e d a l l o w a b l e
em i s s i o n s l e v e l s , i n c l u de St r e t f o r d ( a b s o r p t i o n i n q u in o n e ) ,
Su l fr e e n a n d B e a v o n (C o b a l t - M o l y b d e n a c a t a l y s t ) . T h e s e w o u l d
b e u s e d a s a s e c o n d s t a g e a f te r D i r e c t O x i d a t i o n o r C l a u s (2 5 ) .
3 5 0 0 H y dr o g e n
M a n u f a c t u r in g
n o t i n c l u de d in m a t r i x
3 6 00 A s ph a lt
m a n u f a c t u r in g
A sp h a l t c a n be p r o du c e d b y v a c u u m o r s t e a m di s t il l a t i o n ot a ir
bl o w in g (w i th o r w i th o u t a c a t a ly s t ) . A i r b l o w in g m a k e s t he
a s p h a lt h a r d e r (4 9 ) . M a n y o f t h e e x p o su r e s a s s o c ia t e d w i t h
a s p h a l t m a n u f a c t u r e a r e d u e t o t h e c o n c e n t r a t i o n o f c r u de o il
im p u r i t i e s , s u c h a s m e t a l s , w i t h t he h e a v y r e s id u a l s t h a t a r e
p r o c e s s e d t o m a k e a s p h a l t .
3 7 00 G r e a s e
m a n u f a c t u r i n g
G r e a s e i s b a s i c a l l y t h i c k e n e d o i l , m a d e fr o m f a t , c a u s t i c , w a t e r ,
a n d o i l . The in gr e di e n t s a r e m i x e d w hi l e h o t b y m e c h a n i c a l
s t ir r e r s . F i l l e r s u s e d i n r a r e c a s e s in c lu de a s b e s t o s , m i c a , a n d
su l f u r . M o r e c o m m o n fi l le r s in c l u de r e s id u a l o il c o n t a i n i n g
a s p h a l t , w a x , a n d a n im a l fa t s , a n d (f o r m o r e r e f i n e d g e a r s ) s o a p -
t h i c k e n e d o il (4 9 ) .
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U n i t
C o d e
P r o c e s s N a m e P r o c e s s D e s c r i p t i o n
3 800 L u b e /B a s e O i l
M a n u f a c t u r in g
T h i s i s w h e r e a d d it iv e s a r e b l e n d e d w i t h l u b r ic a t i n g o i l s t o
i m p r o v e t h e i r q u a l i t i e s . T h e s e a d d i t iv e s i n c l u d e p o u r i n h i b i t o r s ,
v is c o s i t y in de x im p r o v e r s , d e t e r g e n t s , a n t i - c o r r o s i v e s , a n t i ¬
o x i d a n ts a n d a n t i - f o am i n g a g e n t s (4 9 ) .
3 9 00 P a c k a g in g
(e x c l u d in g w a x )
P r o d u c t s
,
s u c h a s g r e a s e s a n d l u b r i c a t in g o i l s , a r e p a c k a g e d f o r
s a l e t o c o n s u m e r s h e r e . T h i s u n i t do e s n o t i n c l u d e h a n dli n g o f
f u e l , w h i c h i s s h ip p e d o u t in b u l k .
4 0 0 0 Wa x P a c k a g in g W a x i s p a c k a g e d h e r e f o r c o n s i u n e r a n d b u lk s a l e .
4 10 0 A r o m a t i c s
P r o d u c ti o n
T h i s u n i t in c l u d e s c a t a ly t i c r e f o r m in g , t o p r o du c e a r o m a t i c s fr o m
a li p h a t i c s , a n d d e a lk y l a t i o n / r e f o r m i n g p r o c e s s e s b y w h i c h o t h e r
a r o m a t i c s c a n b e c o n v e r t e d t o b e n z e n e . T h e c a t a l y t i c r e f o r m in g
p r o c e s s is e s s e n t i a l l y i d e n t i c a l t o 0 5 22 (c a t a l y t ic r e f o r m in g w i t h
hy dr o g e n a t i o n a n d w i t ho u t H 2 S r e m o v a l a n d r e c o v e r y ) . (T h e
m a in d if f e r e n c e i s t h a t f e e d f o r a r o m a t i c s p r o d u c t i o n c o n t a in s
l e s s c o k e th a n d o o t h e r f e e d s . ) E x c e s s t o lu e n e a n d p o s s i b ly
x y l e n e c a n b e c o n v e r t e d t o b e n z e n e u s in g hy dr o d e a l l ^ l a t i o n (2 5) .
U O P l i c e n s e s a t h e rm a l h y d r o d e a l k y l a t i o n p r o c e s s w h i c h
c o n v e r t s t o l u e n e t o be n z e n e (4 5 ).
4 2 00 C u m e n e P r o d u c t io n C i m i e n e i s f o r m e d b y t h e a l k y l a t i o n o f b e n z e n e i n t h e p r e s e n c e o f
a s t r o n g a c id c a t a ly s t . T h e p r o c e s s b e g a n in t h e 1 93 0
'
s . P o s s i b le
c a t a ly s t s in c l u d e b o r o n f l u o r i d e , A IC I 3 , p h o s p h o r i c a c i d a n d
s il i c o a l u m i n a t e s , b u t i n 1 98 6 a lm o s t a ll u s e d ph o s p ho r i c a c i d
(5 7 ) . C u m e n e c a n a l s o b e m a d e b y p o ly m e r i z a t i o n (4 9 ) .
4 3 00 E t h y l e n e Pr o d u c t i o n I n t h i s u n i t , n a p h th a i s c r a c k e d t o e t h y l e n e (4 9 ) .
4 4 00 N i t r o g e n P r o d u c t s n o t in c lu de d i n m a t r ix
5 0 50 G a s P l a n t T hi s u n i t i s f o r r e c o v e r y o f C j - Cg c o m p o n e n t s f o r m v a r i o u s
s t r e a m s t o m a k e d e s u l fi j r i z e d d r y g a s (m o s t ly m e t h a n e a n d
e t h a n e ) s u i t a b l e f o r fi i e l g a s o r a s f e e d s t o c k f o r p r o d u c t i o n o f
hy dr o g e n (2 5 ) .
6 0 00 W a x p r e s s i n g a n d
s w e a t in g o r
R e fr i g e r a t i o n
A n o l d e r m e th o d o f s e p a r a t in g p a r a f fi n w a x fr o m o i l , t h e
p r e s s i n g a n d s w e a t in g p r o c e s s c o o l s t h e w a x - o il m i x t u r e a n d
p u m p s i t t h r o u g h a fi lt e r p r e s s , a l l o w i n g t h e w a x t o
s o li di fy /c r y s t a l li z e . The w a x i s t he n s l o w ly w a r m e d t o a l l o w t h e
o i l t o
"
s w e a t
"
o u t (1 1) . T hi s m e t h o d w a s s t i l l m o r e p o p u l a r t ha n
t h e n e w e r s o l v e n t de w a x i n g i n 1 94 0 (4 8 ) . R e fr i g e r a t i o n m im i c s
t h e o l d e s t m e t h o d o f s e p a r a t in g w a x fr o m o il (w i n t e r c h i l l i n g ) ,
a n d is u s e d f o r m i c r o c r y s t a l l i n e (
"
a m o r p h o u s
"
,
n o n - p a r a fi i n )
w a x e s . T h e f e e d i s c o o l e d a n d m a y b e a l l o w e d t o s e t t l e by
g r a v i ty o r f o r c e d t o s e t t l e o u t b y c e n t ri f u ge (2 9 , 4 9 ) .
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A p p e n d i x E : C o d e s t o b e u s e d f o r S t a r U n i t s
(R e f e r e n c e s f o r t h i s c o d i n g l i s t i n c l u d e r e f e r e n c e s 6 8 , 6 9 , 7 5 , 7 6 , a n d 77 , fr o m t h e r e f e r e n c e l is t o n
p a g e s 3 6 - 4 4 . )
S t a r U n i t N a m e - P r o c e s s D e s c r ip t i o n f o r Ma t r i x P r o c e s s (P r o c e s s / Un i t C o d e f o r Ma t r i x )
V a c u u m P i p e S t i l l s U n i t
- V a c u u m d i s t i l l a t i o n ( 0 14 0 ) a n d D e s a l ti n g - e l e c t ri c a l ( 0 1 12 ) ; A N D i f
U n i t 2 (h a n d l e s so u r ) - A tm o s p h e r i c d i s t i l l a t i o n w i th d e s u l f u r i z a ti o n ( 0 120 ) , i f u n i t 4
(c u r r e n t , h a n d l e s s w e e t) - A tm o s p h e r i c d i s t i l la t io n w i th o u t d e s u l f i i r i z a t i o n (0 130) , i f # 1 o r
# 3 - g u e s s b e t w e e n 0 120 a n d 0 130
F C C U - C a t a l y t i c C r a c k in g : F l u i d B e d : W i th H j S r e m o v a l / r e c o v e r y f a c i l i t ie s (0 22 1)
H M V S - T he r m a l C r a c k i n g (0 3 00 )
D e l a y e d C o k i n g U n i t - C o ki n g : D e l a y e d c o k i n g : W it h H j S r e m o v a l / r e c o v e r y f a c il i ti e s (042 1)
C a t a ly ti c R e f o r m i n g U n it - C a ta l y ti c R e f o r m i n g : W it h H 2 S r e m o v a l / r e c o v e r y f a c il i ti e s (052 1)
(T h i s i s f a r th e c u r r e n t o n e b u t t h e r e h a v e b e e n 3 d i f f e r e n t i m i ts . )
A l k y l a ti o n
- H 2 SO 4 A l k y l a ti o n (08 00)
L u b e O il P r o c e ss i n g / S o l v e n t R e fi n i n g /D e w a x i n g
- K e t o n e D e w a x in g : M E K : w i t h T o l u e n e (1 4 13)
L u b e O il P r o c e s s i n g / M e t h y l P y r r o l i d o n e U n i t (M P U ) - L u b e /B a s e o il e x tr a c ti o n : MM e th y l - 2 -
p y r r o l id o n e ( 15 80 )
F u r f u r a l R e f i n i n g U n i t - L u b e / b a s e o il e x t r a c ti o n : f u r f i i r a l ( 1530)
P r o p a n e D e a s p h a l ti n g U n i t (P D U ) - L u b e ^ a s e o i l e x tr a c ti o n : P r o p a n e d e a s p h a l t in g (15 72 )
C o n t a c t F i l t e r p l a n ts 2 A a n d 2B - C l a y t r e a ti n g ( 180 0 )
P e r c o l a ti o n f i l t e r p la n t - C l a y t r e a ti n g ( 1800 )
L ig h t O il tr e a ti n g U n i t
- T r e a ti n g L i g h t Oi l s : C a u s ti c a n d I n h ib i t o r : Ga s o l i n e a n d C o mp o n e n t s
(2 111)
H y d r o t r e a t e r s 1 a n d 2 - H y d r o g e n t r e a ti n g u n i t : d e s u l fi i r i z a ti o n a n d / o r d e n i t r i f i c a ti o n : g a s o l in e a n d
c o m p o n e n t s (22 1 1)
L u b e O i l P r o c e s s i n g / H y
- F i n i s h i n g im i t (H F U ) - H y d r o g e n t r e a ti n g : d e s u l fi i r i z a ti o n a n d / o r
d e n i t r i f i c a ti o n : m i d d l e d i s ti l la t e s (2 2 12 )
H y d r o tr e a te r s 3 a n d 4 - H y d r o g e n tr e a ti n g : S a tu r a ti o n : O l e f i n s (2 22 1) A N D H y d r o g e n t r e a t in g :
d e su l f i i r i z a ti o n a n d / o r d e n i tr if i c a ti o n : m i d d l e d i s ti l l a t e s ( 2 2 12 )
H y dr o c r a c k i n g (H C U ) - H y d r o g e n t r e a ti n g : C r a c k i n g : d i s ti l l a t e (2 2 3 1) A N D H y d r o g e n t r e a ti n g :
Sa t u r a ti o n : O le fi n s (2 2 2 1) A N D H y d r o g e n t r e a ti n g : d e s u l f u r i z a ti o n a n d/ o r
d e n i tr i f i c a ti o n : m i d d l e d i s ti l l a t e s (2 2 12 )
L u b e C a t a l y ti c D e w a x i n g U n i t (L C D U ) - H y d r o g e n t re a ti n g : C r a c k i n g : L u be /B a s e o il s (22 33)
A N D H yd r o g e n tr e a ti n g : S a t u r a ti o n : L u b e /B a s e o i l s p o l i s h in g (2 22 3 )
E n v i r o n m e n t a l C o n t r o l U n i t - W a s t e T r e a tm e n t U n i t (2 300 )
E SD - E n v i r o n m e n t a l Se r v i c e s D e p a r t m e n t - Wa s t e T r e a t m e n t U n i t (23 (X))
Wa t e r W a s t e T r e a t m e n t - W a s t e T r e a t m e n t U n i t : A q u e o u s Wa s t e (23 10)
C h e m i c a l W a s te T r e a ti n g U n i t - Wa s t e T r e a t m e n t U n i t : A q u e o u s W a s t e : P r o c e s s (2 3 13)
B S& W B a s i c Se d i m e n t a n d W a t e r U n i t - W a s t e T r e a ti n e n t U n i t : A q u e o u s Wa s t e : P r o c e s s (2 3 13)
S o l i d Wa s t e M a n a g e m e n t - W a s t e T r e a t m e n t U n i t : S o li d Wa s t e (232 0)
L e a d a b a t em e n t - M a i n te n a n c e S h o p U n i t : L e a d A b a t e m e n t Wo r k e r (2 4 00 D E )
A s b e s t o s A b a t e m e n t - M a i n t e n a n c e Sh o p U n i t : A s b e s t o s A b a t e m e n t Wo r k e r (2 400 D F )
U ti l i ti e s : W a t e r T r e a ti n g F a c il i ti e s - U ti l i t y U n i t : Wa t e r T r e a t m e n t ( 2 8 10 )
U ti l i ti e s : B o i l e r H o u s e s (P o w e r St a ti o n s ) , Ge n e r a t o r s - U ti l i t y U n i t : B o il e r H o u s e (28 20)
P l a n t C o o l i n g T o w e r - U ti l i ty U n i t : P u m p H o u s e (C o o li n g T o w e r ) (283 0)
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R e c e i v i n g , p u m p i n g a n d s h i p p i n g (R P & S ) - R e c e i p t , S to r a g e , a n d M o v e m e n t Pm n p (2 9 10 ) A N D
R e c e i p t , S t o r a g e , a n d M o v e m e n t : T r u c k a n d R a i l T r a n s p o r t ( 2 950 )
P u m p h o u s e s (P H ) - R e c e i p t , S t o r a g e , a n d M o v e m e n t : P u m p (2 9 10 ) A N D R e c e i p t , S t o r a g e , a n d
M o v e m e n t : B l e n d i n g (2 930 )
T a n k F a r m s - R e c e i p t , S t o r a g e , a n d M o v e m e n t : T a n k F a r m (292 0 )
M O T F (M o to r O il T a n k F a r m ) - R e c e ip t , S t o r a g e , a n d M o v e m e n t : T a n k F a r m : P r o d u c t (2 92 1)
L o a d in g R a c k - R e c e i p t , S to r a g e , a n d M o v e m e n t : t r u c k a n d r a il t r a n s p o r t (2 950 )
T a n k C a r a n d T a n k t r u c k s lo a d i n g r a c k s
- R e c e i p t , St o r a g e , a n d M o v e m e n t : t r u c k a n d r a i l
t r a n sp o r t (29 50 )
P o r t A r th u r A s p h a l t C o m p l e x (P A A C ) - A s p h a l t M a n u fe c t u r i n g U n i t (3 6 00 )
P a c k i n g / Sh ip p i n g - P a c k a g i n g U n i t (E x c l u d i n g w a x ) (3 9 00 )
W e s t S i d e G a s P l a n t - P r o d u c t i o n O p e r a t i o n s : G a s P l a n t ( 5 0 5 0 )
S t a b - P r o d u c t i o n O p e r a t i o n s : G a s P l a n t (5 05 0 )
Wa x Sw e a te r s , R e fr i g e r a t i o n P l a n t s 1 t h r o u g h 4 - Wa s P r e s s i n g & Sw e a ti n g , W a x R e fr i g e r a t io n
(60 00) -
N o t e : S e v e r a l S t a r / T e x a c o Un it s a r e n o t in c lu d e d in t h is l is t b e c a u s e t he i r n a m e s d o n o t m ak e c l e a r
w h a t fi m c t i o n t h ey s e r v e d .
1 50
A p p e n d i x ¥ : S A S M e r g e P r o g r a m
T h i s p r o g r a m ,
"
m e r g e . s a s
"
i s a l s o f o u n d o n t h e d is ke t e i n c l u d e d a t t h e e n d of t h e r ep o r t , a l o n g
w i t h th e J EM d a t a fi l e ( "j e m d a t 8 0 . d a t
"
) a n d h yp o t h e t i c a l w o r ke r h i s t o r y fi l e (
"
w r kh i s t . d a t
"
) . T o
i mp r o v e th e p e rf o r m a n c e o f t h e p r o g r a m , i t i s s u g g e s t e d th a t a l l fi l e s b e c o p i e d t o a h a r d d r i v e
b ef o r e r u n n in g . T h i s w i l l , h o w e v e r , n e c e s s i t a t e e d i ti n g th e m e r g e p r o g r a m s o t h a t i t l o o ks f o r th e
o t h e r t w o fi l e s i n t h e i r n e w l o c a ti o n .
* P r o g r a m t o m e r g e w o r k e r j o b h i s t o r i e s w i t h j o b e x p o s u r e m a t r i x . ;
* F i r s t , c r e a t e s a s d a t a s e t f r o m i m a g i n a r y w o r k e r h i s t o r i e s i n
^ w r k h i s t . d a t . T h i s f i l e c o n t a i n s w o r k e r n u m b e r t h e n s t a r t a n d e n d d a t e s ,
♦ t h e n j o b h i s t o r y . T o k e e p u p w i t h t h i s d u r i n g t h e t r a n s p o s e a n d m e r g e ,
♦ w o r k e r n u m b e r , s t a r t a n d e n d d a t e s h a v e a l l b e e n c o m b i n e d a s o n e
♦ v a r i a b l e . L a t e r a l l v a r i a b l e s w i l l b e P U T i n t o a n e w f i l e a n d t h e s e
♦
c a n b e r e a d
~
i n s e p a r a t e l y . I n a c t u a l u s e o f t h e p r o g r a m , t h e w o r k e r
♦ i d e n t i f i c a t i o n n u mb e r w i l l n e e d t o b e l o n g e r . T h i s w i l l r e q u i r e
♦ e d i t i n g t h e i n p u t l i n e : t h e @ p r e c e d e s t h e c o l u m n n u mb e r w h e r e t h e
♦ v a r i a b l e b e g i n s a n d t h e $ p r e c e d e s t h e v a r i a b l e l e n g t h . R e c a l l t h a t
♦ w r k r n u m i n c l u d e s s t a r t a n d e n d d a t e s u n t i l t h e f i n a l s t e p o f t h i s
♦
p r o g r a m . ;
l i b n a m e l i b b y
'
a :
'
;
DA T A w r k r h i s t ; I N F I L E
'
a : w r k h i s t . d a t ' L R E C L = 9 0 P A D ;
I N P U T 8 1 w r k r n u m $ 1 5 . 8 1 7 u n i t 4 . 8 2 2 J o b $ 2 . 8 2 5 C O $ 1 . ;
r u n ;
p r o c S O R T D A T A
= w r k r h i s t ;
b y u n i t j o b c o ;
r u n ;
♦
p r o c p r i n t ;
♦
r u n ;
♦ T h i s s t e p t u r n s m u l t i p l e o b s e r v a t i o n s w i t h s a m e u n i t , j o b , a n d c o
♦ v a r i a b l e s i n t o o n e o b s e r v a t i o n . T h i s o b s e r v a t i o n i n c l u d e s t h e w o r k e r
♦ n u m b e r s f o r a l l w o r k e r s w h o e v e r h a d t h a t j o b / p r o c e s s i n t h a t c o i i ^ j a n y .
p r o c t r a n s p o s e d a t a
= w r k r h i s t o u t = w r k r h t r
p r e f i x = w r k r ;
b y u n i t j o b c o ;
v a r w r k r n u m ;
r u n ;
♦
p r o c p r i n t ;
♦ r u n ;
♦ B r i n g t h e j o b e x p o s u r e m a t r i x d a t a i n t o a SA S d a t a s e t w i t h v a r i a b l e
♦ n a m e s c o mp a r a b l e t o t h o s e i n t h e ( t r a n s f o r m e d ) w o r k e r h i s t o r y f i l e . ;
1 5 1
D A T A j e m s t u f f ; I N F I L E
'
a : j e i n d a t 8 0 . d a t ' L R E C L = 3 9 6 PA D ;
I N P U T @1 u n i t 4 . (36 j o b $ 2 . @9 C o $ 1 . fi l l a g e n t $ 3 .
@1 5 a g e n t n m $ 3 5 . 6 5 2 s t d a t e $ 6 . @6 0 e n d d a t e $ 6 . 6 6 9 c e r t a i n $ 2 . ;
r u n ;
p r o c S O R T DA T A
= j e m s t u f f ;
b y u n i t j o b c o a g e n t a g e n t n m s t d a t e e n d d a t e ;
r u n ;
♦ M e r g e t h e w o r k e r j o b h i s t o r y i n f o r m a t i o n w i t h t h e j o b e x p o s u r e m a t r i x
* t o g e t o b s e r v a t i o n s i n c l u d i n g u n i t , j o b , c o , a g e n t , s t a r t a n d e n d d a t e s
* f o r t h e p r o c e s s , a n d w o r k e r n v im b e r s f o r a l l w o r k e r s w h o e v e r h a d t h a t
* j o b / p r o c e s s a t t h a t c o mp a n y . ( T h e w r k r n u m s t i l l i n c l u d e s t h e d a t e s
« t h e w o r k e r w a s I n t h a t 3 0 0 . ) ;
d a t a w r k r e x p t ;
m e r g e j e m s t u f f ( i n = i n j e m ) w r k r h t r ( i n = i n w r k r ) ;
b y u n i t j o b
^
c o ;
i f i n w r k r ;
d r o p _ N AM E _ ;
r u n ;
*
p r o c p r i n t ;
*
r u n ;
♦ T r a n s p o s e t h e d a t a s e t a g a i n t o g e t w o r k e r v a r i a b l e s t u r n e d b a c k i n t o
♦
o b s e r v a t i o n s . E a c h w o r k e r w i l l h a v e o n e o b s e r v a t i o n f o r e a c h
♦ j o b / e x p o s u r e l i n k ;
♦ I n t h e s e c o n d l i n e b e l o w , t h e 2 i n w r k r 2 s h o u l d b e r e p l a c e d b y t h e
♦ l a r g e s t n u m b e r o f w o r k e r s s h a r i n g t h e s a m e U N I T a n d J O B c o d e s . F o r
♦
e x a m p l e , i f t h e r e a r e 2 0 w o r k e r s i n t h e 2 4 0 0 C E c a t e g o r y , a n d t h i s i s
♦ t h e l a r g e s t c a t e g o r y , r e p l a c e w r k r 3 w i t h w r k r 2 0 ;
p r o c t r a n s p o s e d a t a
= w r k r e x p t o u t
= w r k r w e x p ;
v a r w r k r l - w r k r 2 ;
b y u n i t j o b c o a g e n t a g e n t n m s t d a t e e n d d a t e c e r t a i n ;
r u n ;
♦ D e l e t e o b s e r v a t i o n s w i t h n o w o r k e r a s s o c i a t e d w i t h t h e m . ;
d a t a w r k n o b l k ;
s e t w r k r w e x p ;
i f c o l l = ' ' t h e n d e l e t e ;
w r k r n u m = c o l l ;
k e e p w r k r n u m u n i t j o b c o a g e n t a g e n t n m s t d a t e e n d d a t e c e r t a i n ;
r u n ;
♦
p r o c p r i n t ;
♦
r u n ;
p r o c S O R T DA T A = w r k n o b l k ;
b y w r k r n u m ;
r u n ;
15 2
♦ W r i t e t h e i n f o t o a n a s c i i f i l e s o i t c a n b e b r o u g h t b a c k i n w i t h
* w r k r n u m s e p a r a t e d i n t o t h e s i n p l e w r k r n u m , t h a t w o r k e r
'
s s t a r t d a t e i n
* t h a t p o s i t i o n , a n d t h e w o r k e r
'
s e n d d a t e i n t h a t p o s i t i o n . ;
d a t a w h a t e v e r ;
s e t w r k n o b l k ;
f i l e
' a : w r k r i n f o . d a t ' l r e c l = 9 0 p a d ;
p u t e i w r k r n u m $ 1 5 . 0 1 7 u n i t 4 . 6 2 2 j o b $ 2 . 6 2 5 C o $ 1 . @2 7 a g e n t $ 3 .
6 3 1 a g e n t n m $ 3 5 . 6 6 8 s t d a t e $ 6 . 6 7 5 e n d d a t e $ 6 . 6 8 4 c e r t a i n $ 2 . ;
r u n ;
* B r i n g d a t a b a c k i n a n d m a k e a S A S d a t a s e t . ;
D A T A l i b b y . w r k r h w d t ; I N F I L E
' a : w r k r i n f o . d a t ' L R E C L = 9 0 P A D ;
I N P U T @1 w r k r n u m $ 1 . 6 3 w s t d t $ 6 . 6 1 0 w e n d d t $ 6 . 6 1 7 u n i t 4 .
8 2 2 J o b $ 2 . 6 2 5 CO $ 1 . @2 7 a g e n t $ 3 . 8 3 1 a g e n t n m $ 3 5 .
6 6 8 s t d a t e $ 6 . 6 7 5 e n d d a t e $ 6 . 6 8 4 c e r t a i n $ 2 . ;
r u n ;
p r o c p r i n t ;
r u n ;
15 3
